OCT-27-2005 11:35 



AGENSYS 



310 820 7880 



P. 03/09 



PATENT 
Docket No. 51 1582002500 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re Patent Application of: 
Pia M CHALLITA-EID et al. 



Examiner: Bridget E. Bunner 



Application No.: 10/024,652 



Group Art Unit: 1647 



Filed: December 17, 2001 

For: NUCLEIC ACID AND ENCODED 
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ENTITLED 108P5H8 USEFUL IN 
TREATMENT AND DETECTION OF 
CANCER 



Assistant Commissioner for Patents 
Washington, D.C. 20231 

Dear Sir: 

I, Steven B. Kanner, declare as follows: 

1 . I am Director of Cancer Research at Agensys, Inc. In this position I direct 
research and development to identify and validate novel cancer targets. In addition, I oversee 
research and development of new cancer therapeutics and diagnostics involving these targets. 
We investigate the effects of specific genes and gene products on tumor development, growth, 
and progression. I regularly attend national and international conferences addressing issues in 
cancer research, conferences where established as well as cutting edge ideas are presented. 

I have a Ph.D, in Immunology and Microbiology from the University of Miami, Miami, 
Florida. In addition, I completed a postdoctoral fellowship in the Cancer Center at the 
University of Virginia. I have worked in the field of molecular biology at the doctoral level for 
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over 19 years. Accordingly, I have extensive experience in novel target identification and 
validation, assay development, monoclonal antibody and small molecule drug discovery, with 
particular expertise in oncology, immunology and inflammation. A copy of my curriculum vitae 
is attached as Exhibit A. 

2. This submission is made in support of the proposition that targeted antitumor 
therapies are useful even when the targeted protein is expressed on normal tissues, including 
normal vital organ tissues. A vital organ is one that is necessary to sustain life, such as the heart 
or liver. A non-vital organ is one that can be removed whereupon the individual is still able to 
survive. Examples of non-vital organs are ovary, breast, and prostate. Two exemplary proteins 
will be discussed, HER2/neu and epidermal growth factor receptor (EGFR). 

3. Herceptin® is an FDA approved biologic that has as its active ingredient an 
antibody which is immunoreactive with the protein known synonymously as HER2, HER2/neu, 
or erb-B2. It is marketed by Genentech and has been a commercially successful antitumor agent. 
Herceptin net sales reached $483 million in 2004 and in 2003 net sales were approximately $425, 
an increase of 10 percent over sales in 2002 (see Exhibit B). The success of Herceptin is 
indicated by both the volume and trend of its sales figures. During the period it has been 
marketed, its sales numbers have consistently increased. 

4. Herceptin is FDA approved as a treatment for HER2 positive metastatic breast 
cancer (see Exhibit C). However, the expression of HER2 is not limited to such tumors. The 
same protein is expressed in a number of normal tissues. 
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5. The diverse expression of the HER2/neu protein is indicated in Exhibit D. 
Exhibit D provides data panels for three different GenBank deposits of HER2/neu sequence. 
The comparative data in Exhibit D show levels of HER2 above the median in numerous normal 
tissues. In particular, attention is called to the levels present in kidney and heart. The levels in 
kidney are consistently shown as higher than those in heart. It is emphasized that these values 
are for normal tissue; thus these tissues are present in all human recipients of Herceptin. 

6. The expression of HER2/neu in a diverse array of normal and malignant tissues 
was corroborated by studies conducted at Agensys, assignee of the present case, by use of RT- 
PCR (Exhibit F). Again, significant expression of HER2/neu was noted in heart and kidney. 
Further corroboration of normal expression of HER2/neu by immunohistochemistry is set forth 
in Exhibit G. In Exhibit G, positive staining for the presence of HER2/neu was found in normal 
kidney and colon tissue. Additional confirmation of the presence of HER2/neu in normal kidney 
is provided by Latif, et aL 2 As shown in this article (which evaluated whether renal cell 
carcinoma should be a preferred indication for anti-HER2 antibodies such as Herceptin), both 
protein and mRNA are produced in benign renal tissues. Notably, HER2/neu protein was 
strongly overexpressed in benign renal tissue (see page 8, left hand column last paragraph of 
Latif, et aL). 

7. Despite the fact that HER2/neu is expressed in such vital tissues as heart and 
kidney, Herceptin is FDA-approved, commercially successful, and is very useful as an anti- 
tumor agent. The effect of Herceptin on cardiac tissue, i.e., "cardiotoxicity," has been a limited 



1 The expression data in Exhibit D was established using gene chip technology; see Su, et a), PNAS Proc. 
Natl Acad. ScL USA, Vol. 99, Issue 7, 4465^470, April 2, 2002, Exhibit E. The results for HER2 are available on 
the GNF Gene Expression Atlas website http://expression.gnf.org/cgi-bin/index.cgi. 

2 Latif, Z., et ah, B.J.U. International (2002) 89:5-9 (Exhibit H) 
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side effect to treatment. When patients were treated with Herceptin alone, significant 
cardiotoxicity occurred in a very low percentage of patients. 

8. Of particular note, although the data shows that kidney tissue exhibits even higher 
expression than cardiac tissue, nephrotoxicity has not been an appreciable side effect of 
Herceptin treatment at all. In fact, of the diverse normal tissues in which HER2 is expressed, 
there is very little occurrence of any side effect. Only cardiac tissue has manifested any 
appreciable side effect at all. A tissue such as kidney, where HER2/neu expression is 
appreciable, has not been the locus for any side effect. 3 

9. Taken together, this documentation establishes that production of a target protein 
such as HER2/neu on normal tissue, even vital normal tissue, does not defeat the utility of the 
protein as a therapeutic for certain tumors in which the protein is also expressed. 4 Such 
physiologic outcomes, where there is normal tissue expression of a cancer-associated protein 
target, are not unique to HER2/neu as will be discussed below. 

1 0. Several anti-cancer therapeutic products that target the epidermal growth factor 
receptor (EGFR) are presently in clinical evaluation, 5 The rationale for EGFR-targeted anti- 
cancer treatments is both appreciated and well-accepted. 6 One such treatment composition is 
Erbitux™ (also known as cetuximab or C225). The active ingredient in Erbitux is an antibody 
which is immunoreactive with the EGFR. Erbitux antibody has been shown to block the 



3 See Exhibit C, the product information for Herceptin® for an overview of side effect issues 

4 This is particularly true where the target protein, as with HER2/neu is expressed at higher levels in tumor 
cells relative to normal tissue. In one embodiment, overexpression in tumor tissue can provide for altered, e.g., 
enhanced, protein availability for antibody binding. 

5 Baselga, J., Oncologist 7 (supp. 4):2-8 (2002) (Exhibit I) 
6 Id. 
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proliferation of various cancer cells. 7 The successful use of Erbitux is shown, for example, by 
the net sales in 2004 reaching $260.8 million. (Exhibit K). 

1 1 . EGFR is therefore being used and evaluated as a target for treatment of patients 
with breast, head and neck, lung, kidney and prostate cancer. 8 However, the expression of EGFR 
is not limited to such tumors. This protein is expressed in a diverse array of normal tissues. 

12. EGFR protein is extensively expressed in adult humans. It is present on all 

» epithelial and stromal cells, select glial and smooth muscle cells, 9 oral and laryngeal mucosa 10 ; 
brain; 11 liver, 12 prostate; 13 placenta; 14 stomach and colon; 15 and skin. 16 It is to be noted that since 
it is expressed in these normal tissues, EGFR is present in all human recipients of any EGFR- 
targeted therapy. 

13. Despite the fact that EGFR is expressed in numerous normal tissues, including 
vital tissues such brain and colon, therapeutics that target EGFR are very useful and are in active 
development. The only significant side effect of such therapeutics has been on skin as an 
acneiform rash. 17 This has merely been a side effect to treatment. This side effect is so minor 
that it is used as an indication that therapeutically effective dosage levels have been achieved. 18 
Notably, the side effect is a relatively innocuous signal that an individual has achieved a 
therapeutically effective dose. 



7 Busam, et a!. Br J. Derm. 144:1169-1 176 at 1 169 (2001) (Exhibit J) 
' Busam, et al, supra 

9 Wells, A., Int Biochem & Cell Biol. 31:637-643 at 640 (1999) (Exhibit L) 

10 Christensen, M., Dan Med Bull. 45(2):121-134 (Apr. 1998) (Exhibit M) 

11 Ferrer, et al.. Prog, Neurobiol. 49(2):99-123 (Jim 1996) (Exhibit N) 

12 Luwar, et al., Cancer Res. 61:5355-5361 (July 15, 2001) (Exhibit O) 
n De Miguel, et al., Cytokine 1 l(9):722-727 (Sep 1999) (Exhibit P) 

14 Mauro, et al., Repro, Fertil. Devcl. 7(6): 1465-1470 (1995) (Exhibit Q) 

15 Challier and Menard, Frontiers in Bioaci. 4:87-101 at sections 4.2 and 4.3 (January 15, 1999) (Exhibit R) 

16 Jost, et al. Eur. J. Dermatol. 10(7):505-510 (Oct-Nov 2000); Luwar, et al.. Cancer Res. 61 :5355-5361 
(July 15, 2001) (Exhibits) 

17 Busam, et al, supra; Van Doom, et al.. Br. J. Derm. 147:598-601 (2002) (Exhibit T) 

18 Abgenix Press release 20 Aug 2002 (Exhibit U) 
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14. The data on EGFR establishes that expression of a target protein such as EGFR in 
normal tissue, even vital normal tissues, does not preclude the utility of the protein as a 
therapeutic target for certain tumors in which the protein i$ also highly expressed. 19 

15. In summary, targeted antitumor therapies are useful even when the targeted 
protein is expressed on normal tissues, even normal vital organ tissues. The ability to use a 
cancer-associated protein in this manner is not unique to any particular protein. The existence of 
expression of a protein on a normal tissue, including vital organ tissues, still allows for 
meaningful and successful use of that protein as a therapeutic target. 



See footnote 4, supra 
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I declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further, that these 
statements are made with the knowledge that willful, false statements and the like so made are 
punishable by fine or imprisonment or both, under Section 1001 of Title 18 of the United States 
Code and that such willful false statements may jeopardize the validity of the application or any 
patent issued thereon. 

Executed at Santa Monica, California, this IC day of September 2005. 




51158-2002501 



7 



Serial No. 10/28071 1 
Dockei No.5U58200250I 



TOTAL P. 09 



Steven Brian Kanner, Ph.D. 

Agensys, Inc. 
1545 17 th Street 
Santa Monica, CA 90404 
Phone: 310.820.8029 (ext. 104) 

Fax: 310.820.8489 
E-mail: skanner@agensys.com 

PROFILE 

Pharmaceutical/Biotechnology research leader with extensive experience in novel target identification and 
validation, screen development and both small molecule drug and antibody discovery, with expertise in 
oncology, immunology and inflammation. Self-motivated strategic planner, skilled in motivating, 
developing, hiring, managing and building scientific teams to expedite novel drug/therapeutic candidate 
discovery for clinical trial consideration. 



PROFESSIONAL EXPERIENCE 

Agensys, Inc. ^ 2003 - 

Santa Monica, CA 

Director, Cancer Research 

Direct a research group including 20 scientists (Ph.D. and research associates) to identify, validate and 
develop novel targets for the generation of new therapeutics for cancer. Prioritize in-house portfolio for 
evaluation of targets for either monoclonal antibody development or for alliances for small molecule 
development or vaccine generation. Report to the Chief Scientific Officer. 

• Establish teams for the validation of targets using molecular, biochemical and cellular technologies to 
evaluate novel genes for identifying new monoclonal antibody based cancer therapies 

• Lead joint oversight committees with outside collaborators on alliances for proprietary targets to 
develop monoclonal antibody, small molecule and vaccine approaches 



Bristol-Myers Squibb Pharmaceutical Research Institute 1990 - 2003 

Princeton, NJ (in Seattle, WAfrom 1990-1997) 

Associate Director, Immunology and Oncology Drug Discovery (1999 - 2003) 

Directed a research group including 25 scientists (Ph.D. level and research associates) to identify, validate 
and develop novel targets for therapeutic intervention in both immunological/inflammatory diseases and 
cancer. Managed annual research budget for group ($500K) for laboratory operations, travel and training of 
scientific staff Senior leader guiding the direction of the research effort in all pre-clinical drug discovery 
phases, including administrative functions, reporting to the Vice President of Immunology and Oncology 
Drug Discovery. 
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• Established a research group to identify novel targets for therapeutic intervention in both 
immunological/inflammatory diseases and cancer. Group developed reagents, assays, screens and 
analyses on over fifteen targets for future drug discovery projects 

• Validated novel targets through bioinformatics, microarray technologies, Taqman for expression 
profiling, transgenic mouse development and analysis, flow cytometry, full-length cloning, monoclonal 
antibody generation and general protein expression/purification 

• Generated eight new screening assays (enzymes, protein-protein interactions, receptor systems) in 1.5 
years with reduced cycle time (3-6 month turnaround time) from target validation to screening campaign 

• Transitioned an early-phase project on Itk kinase to full-phase status in 1999 (screening campaign, lead 
identification, followed by significant chemistry support for SAR), taking a small molecule inhibitor to 
preclinical animal model testing stages and identifying efficacious compounds 

• In-licensed a project on p38 from an external partner at an early phase, then transitioned it to full-phase 
status (1999). Developed a small molecule drug candidate (2001) for IND toxicology and phase I study 

• Developed a Src kinase project (1997-2000) in immunology before transitioning program to Oncology, 
with discovery of an optimized small molecule currently ready for phase I studies 

• Co-chaired the Exelixis Oncology alliance, established to identify new targets for cancer. Nine new 
targets for oncology were identified in 1.5 years, and three high throughput assays were established 

• Served on immunology/inflammation licensing team for identifying outside opportunities, and served on 
pulmonary licensing team and subcommittees for early-stage external technologies. Efforts led to the in- 
licensing of the p38 project and licenses for using inflammatory target technologies 

Principal Scientist, Immunological Diseases (1997 - 1999) 

Established a Signal Transduction group to identify small molecule therapeutics to treat immunological and 
inflammatory disorders. Group included 4 Ph.D. level investigators and 1 1 associate scientists involved in 
projects relating to targeting intracellular signaling components for identification of new drug candidates 

Senior Research Investigator n, Immunodeficiency and Immunomodulation (1993 - 1997) 
Seattle, WA (former Oncogen biotechnology company purchased by Bristol-Myers Squibb Company) 

Senior Research Investigator I, Immunodeficiency and Immunomodulation (1990 - 1993) 
Seattle, WA (former Oncogen biotechnology company purchased by Bristol-Myers Squibb Company) 



University of Virginia, Department of Microbiology and Cancer Center 1986 - 1990 

Charlottesville, VA 

Postdoctoral fellow, Oncology (advisor: J. Thomas Parsons, Ph.D.) 

• Identified novel mechanisms of p60 src activation in carcinogen-transformed embryonic cells 

• Discovered novel tyrosine-phosphoyrlated substrates of the p60 src oncogene by monoclonal antibody 
generation and biochemical characterization 

• Commercialized monoclonal antibodies to FAK, tensin, pl20 ctn , pp60 src , phosphotyrosine and cortactin 
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EDUCATION 

Ph.D. University of Miami (Immunology and Microbiology) 
B.A. University of California, Berkeley (Genetics) 

HONORS, AWARDS, SCHOLARSHIPS AND FELLOWSHIPS 

Bristol-Myers Squibb Excellence Awards 1996 - 2002 

NIH Postdoctoral Fellowship Grant (F32-CA083 16), University of Virginia 1987 - 1990 

Presidential Scholarship, University of Miami 1981 - 1986 

Honors Society, University of California, Berkeley 1979 - 1980 

PROFESSIONAL AFFILIATIONS 

American Association for Cancer Research 

American Association of Immunologists 

American Society for Microbiology 

American Association for the Advancement of Science 



AD HOC EDITORIAL ACTIVITY 

Journal of Immunology 

JI: Cutting Edge 

Journal of Clinical Investigation 

Journal of Biological Chemistry 

Proc. Natl. Acad. Sci. USA 



Molecular and Cellular Biology 
Oncogene 

Journal of Cellular Physiology 
Antiviral Chemistry & Chemotherapy 
Blood 



SELECTED INVITED PRESENTATIONS 



Regulated association between the SH3 domain of the Emt/Itk tyrosine kinase and multiple intracellular 
ligands. Lymphocyte Signal Transduction Workshop, Santorini, Greece (October, 2000) 

Signal transduction through the T-lymphocyte receptors CD2 and LFA-1. Sugen, South San Francisco, 
California (June, 1996) 

Lymphocyte antigen receptor activation of a novel FAK-related tyrosine kinase substrate. Lymphocyte 
Activation Meeting, Keystone Symposia on Molecular and Cellular Biology, Keystone, Colorado (April, 
1994) 

T-cell signaling via integrin receptors and immunoglobulin-superfamily molecules. University of Chicago, 
Committee on Immunology Seminar Series, Chicago, Illinois (March, 1994) 

T-cell signaling through integrins and Ig superfamily receptors. Seattle Biomedical Research Institute, 
Seminar Series, Seattle, Washington (March, 1993) 
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P 2 -integrin signaling in T-cells through PLCyl is TCR-dependent. Keystone Symposium on 
Phosphorylation/Dephosphorylation in Signal Transduction, Keystone, Colorado (January, 1993) 

Regulation ofTCR-induced PLCyl tyrosine phosphorylation by CD45. Plenary seminar at Biochemical 
Immunology Group Colloquium on the Structure and Function of the Leukocyte Common Antigen CD45, 
Edinburgh, Scotland (September, 1991) 



PATENTS AND INVENTIONS 

Raitano, A., S. B. Kanner, P. Challita, J. J. Perez- Villar, W. Ge, and A. Jakobovits. Nucleic acids and 
corresponding proteins entitled 158P3D2 useful in treatment and detection of cancer. November, 2004 

Kanner, S. B., A. Raitano, P. Challita, J. J. Perez-Villar, W. Ge, and A. Jakobovits. Nucleic acids and 
corresponding proteins entitled 58P1D12 useful in treatment and detection of cancer. US-20050136435- 
Al; August, 2004 

Raitano, A., P. Challita, J. J. Perez-Villar, W. Ge, S. B. Kanner and A. Jakobovits. Nucleic acids and 
corresponding proteins entitled 109P1D4 useful in treatment and detection of cancer. WO-04098515-A2; 
April, 2004 

Barrish, J. C, J. Das, S. B. Kanner, C. Liu, S. H. Spergel, J. Wityak, A. M. P. Doweyko, and J. A. Furch. 
Thiazolyl inhibitors of Tec family tyrosine kinases. US6706717; March, 2004 

Jakobovits, A., R. K. Morrison, A. B. Raitano, P. M. Challita-Eid, J. J. Perez-Villar, K. J. M. Morrison, M. 
Faris, W. Ge, , J. Gudas and S. B. Kanner. Nucleic acid and corresponding protein named 158P1D7 useful in 
the treatment and detection of bladder and other cancers. WO-04072263-A2; February, 2004 

Kanner, S. B., A. Raitano, A. Jakobovits, P. Challita-Eid, W. Ge, J. J. Perez-Villar and M. Faris. Nucleic 
acids and corresponding proteins entitled 254P1D6B useful in treatment and detection of cancer. US-2004- 
0214212-A1; January, 2004 

Perez-Villar, J. J., H. Chang, W-P. Yang, Y. Wu, G. S. Whitney and S. B. Kanner. Identification and cloning 
of a full-length human Clnk-related gene, MIST (Mast Cell Immunoreceptor Signal Transducer). 
US-0201 55563-A1 ; October, 2002 

Chang, H., W-P. Yang, Y. Wu, G. S. Whitney, J. J. Perez-Villar and S. B. Kanner. Cloning and expression of 
human SLAP-2: a novel SH2/SH3 domain-containing human SLAP homologue having immune cell-specific 
expression. WO-0242457-A1; May, 2002 

Kanner, S. B., A. B. Reynolds, S. J. Parsons and J. T. Parsons. Monoclonal antibodies to pl25 FAK , pl20 ctn , 
cortactin, pp60 5rc and tensin. Licensed and commercialized from the University of Virginia to Upstate/Cell 
Signaling Solutions; 1991 

Kanner, S. B., A. B. Reynolds and J. T. Parsons. Monoclonal antibody 6G9 to phosphotyrosine. Licensed and 
commercialized from the University of Virginia to Covance, Inc ./Berkeley Antibody Company; 1991 
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PUBLICATIONS 

1. Parks, W. P., G. B. Scott, S. B. Kanner, E. S. Hubbell, M. A. Fischl, G. M. Dickinson and E. R. Setoff. 
(1984) Acquired immunodeficiency syndrome and human T-cell leukemia virus in Miami: a household 
approach. In Human T-cell Leukemia Viruses (R. C. Gallo, M. Essex, and L. Gross, eds.), Cold Spring 
Harbor Press, New York. pp. 381-391 

2. Kanner, S. B., C. Cheng-Mayer, R. B. Geffin, W. P. Parks, G. A. Beltz, L. O. Arthur, K. P. Samuel and 
T. S. Papas. (1986) Human retroviral env and gag polypeptides: serologic assays to measure infection. 

Immunol 137:674-678 

3. Kanner, S. B., E. S. Parks, G. B. Scott and W. P. Parks. (1987) Simultaneous infections with human T 
cell leukemia virus type I and the human immunodeficiency virus. J. Inf. Dis. 155:617-625 

4. Kanner, S. B., S. J. Parsons, J. T. Parsons and T. M. Gilmer. (1988) Activation of pp60 c -* rc tyrosine 
kinase specific activity in tumor-derived Syrian hamster embryo cells. Oncogene 2:327-335 

5. Reynolds, A. B., D. J. Roesel, S. B. Kanner and J. T. Parsons. (1989) Transformation-specific tyrosine 
phosphorylation of a novel cellular protein in chicken cells expressing oncogenic variants of the avian 
cellular sre gene. Mol Cell Biol 9:629-638 

6. Kanner, S. B., T. M. Gilmer, A. B. Reynolds and J. T. Parsons. (1989) Novel tyrosine phosphoryla- 
tions accompany the activation of x>x>60 c ~ src during chemical carcinogenesis. Oncogene 4:295-300 

7. Kanner, S. B., A. B. Reynolds and J. T. Parsons. (1989) Immunoaffinity purification of tyrosine- 
phosphorylated cellular proteins. J. Immunol Methods 120:1 15-124 

8. Reynolds, A. B., S. B. Kanner, H-C. R. Wang and J. T. Parsons. (1989) Stable association of activated 
pp60* rc with two tyrosine-phosphorylated cellular proteins. Mol Cell Biol 9:3951-3958 

9. Ely, C. M., K. M. Oddie, J. S. Litz, A. J. Rossomando, S. B. Kanner, T. W. Sturgill, and S. J. Parsons. 
(1990) A 42 kD tyrosine kinase substrate linked to chromaffin cell secretion exhibits an associated 
MAP kinase activity and is highly related to a 42 kD mitogen-stimulated protein in fibroblasts. 

J. CellBiol 110:731-742 

10. Kanner, S. B., A. B. Reynolds, R. R. Vines and J. T. Parsons. (1990) Monoclonal antibodies to 
individual tyrosine-phosphorylated protein substrates of oncogene-encoded tyrosine kinases. 
Proc. Natl Acad. Sci. USA 87:3328-3332 

1 1 . Kanner, S. B., A. B. Reynolds and J. T. Parsons. (1991) Tyrosine phosphorylation of a 120-kDa 
pp60 5rc substrate upon epidermal growth factor and platelet-derived growth factor receptor stimulation 
and in polyomavirus middle-T-antigen-transformed cells. Mol CellBiol. 11:713-720 

12. Bouton, A. H., S. B. Kanner, R. R. Vines, H-C. R. Wang, J. B. Gibbs and J. T. Parsons. (1991) 
Transformation by pp60 5rc or stimulation of cells with epidermal growth factor induces the stable 
association of tyrosine phosphorylated cellular proteins with GTPase activating protein. 

Mol CellBiol 11:945-953 
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13. Bouton, A. H. 5 S. B. Kanner, R. R. Vines and J. T. Parsons. (1991) Tyrosine phosphorylation of three 
cellular proteins correlates with transformation of rat 1 cells by pp60 5rc . 

Mol. Carcinogenesis 4:145-152 

14. Kanner, S. B., A. B. Reynolds, H-C. R. Wang, R. R. Vines and J. T. Parsons. (1991) The SH2 and 
SH3 domains of pp60 5rc direct stable association with tyrosine-phosphorylated proteins pl30 and pi 10. 
EMBOJ. 10:1689-1698 

15. Wu, H., A. B. Reynolds, S. B. Kanner, R. R. Vines and J. T. Parsons. (1991) Identification and 
characterization of a novel cytoskeleton-associated pp60 5rc substrate. 

Mol. Cell. Biol 11:5113-5124 

16. Ledbetter, J. A., S. B. Kanner, G. L. Schieven and J. Deans. (1991) Transmembrane signals in T cells: 
tyrosine phosphorylation regulates phospholipase C activation. In Signaling Mechanisms in Secretory 
and Immune Cells (J. R. Martinez, B. S. Edwards and J. C. Seagrave, eds.), San Francisco Press, 
California, pp. 51-56 

17. Kanner, S. B., T. J. Kavanagh, A. Grossmann, S-L. Hu, J. B. Bolen, P. S. Rabinovitch and J. A. 
Ledbetter. (1992) Sulfhydryl oxidation down-regulates T-cell signaling and inhibits tyrosine 
phosphorylation of phospholipase Cyl. Proc. Natl. Acad. Sci. USA 89:300-304 

18. Kanner, S. B. and J. A. Ledbetter. (1992) CD45 regulates TCR-induced signalling through tyrosine 
phosphorylation of phospholipase Cyl. Biochem. Soc. Trans. 20:178-184 

19. Turka, L. A., S. B. Kanner, G. L. Schieven, C. B. Thompson and J. A. Ledbetter. (1992) CD45 
modulates T cell receptor/CD3 -induced activation of human thymocytes via regulation of tyrosine 
phosphorylation. Eur. J. Immunol. 22:551-557 

20. Kanner, S. B., J. P. Deans and J. A. Ledbetter. (1992) Regulation of CD3-induced phospholipase 
C-gammal (PLCyl) tyrosine phosphorylation by CD4 and CD45 receptors. 

Immunology 75:441-447 

21 . Deans, J. P., S. B. Kanner, R. M. Torres and J. A. Ledbetter. (1992) Interaction of CD4:lck with the T 
cell receptor/CD3 complex induces early signaling events in the absence of CD45 tyrosine phosphatase. 
Eur. J. Immunol. 22:661-668 

22. Kanner, S. B., N. K. Damle, J. Blake, A. Aruffo and J. A. Ledbetter. (1992) CD2/LFA-3 ligation 
induces phospholipase-Cyl tyrosine phosphorylation and regulates CD3 signaling. 

J. Immunol 148:2023-2029 

23. Sancho, J., J. A. Ledbetter, M-S. Choi, S. B. Kanner, J. P. Deans and C. Terhorst. (1992) CD3< 
surface expression is required for CD4-p56 /c *-mediated up-regulation of T cell antigen receptor-CD3 
signaling in T cells. J.Biol. Chem. 267:7871-7879 

24. Gilliland, L. K., G. L. Schieven, N. A. Norris, S. B. Kanner, A. Aruffo and J. A. Ledbetter. (1992) 
Lymphocyte lineage-restricted tyrosine-phosphorylated proteins that bind PLCyl SH2 domains. 

J. Biol Chem. 267:13610-13616 
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25. Aruffo, A., S. B. Kanner, D. Sgroi, J. A. Ledbetter and I. Stamenkovic. (1992) CD22-mediated 
stimulation of T cells regulates TCR/CD3-induced signaling. 

Proc. Natl. Acad. Set USA 89: 10242-10246 

26. Kanner, S. B., N. 0dum, L. Grosmaire, S. Masewicz, A. Svejgaard and J. A. Ledbetter. (1992) 
Superantigen and HLA-DR ligation induce phospholipase-Cyl activation in class IT 1 " T-cells. 

J. Immunol. 148:3482-3488 

27. Kavanagh, T. J., A. Grossmann, J. C. Jinneman, S. B. Kanner, C. C. White, D. L. Eaton, J. A. Ledbetter 
and P. S. Rabinovitch. (1993) The effect of l-chloro-2, 4-dinitrobenzene exposure on antigen receptor 
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Profile 

Genentech (NYSE:DNA) is among the world's leading 
biotechnology companies. Our focus is on develop- 
ing innovative therapies that address significant unmet 
medical needs and positively impact the world of hu- 
man health. Genentech manufactures and commercial- 
izes multiple products in the United States for a variety 
of medical conditions, including cancer, heart attack, 
stroke, growth hormone deficiency, cystic fibrosis, al- 
lergic asthma and plaque psoriasis. 
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» Results from 
the joint interim 
analysis of the 
NSABP/NCCTG 
Phase III studies 



Trastuzumab 

l^^-HER© monoclonal mn]8o|^ 

of Herceptin in early stage breast cancer showed that 
women with HER2+ breast cancer receiving Herceptin 
plus chemotherapy had a 52 percent reduction in the 
risk of disease recurrence. Preliminary survival data 
showed a 49 percent improvement in overall survival. 
Survival data continue to mature. Serious or life-threat- 
ening cardiac events, most commonly congestive heart 
failure occurred approximately 3 to 4 percent more 
often in the Herceptin plus chemotherapy arms than in 
the chemotherapy alone arms. Patients in these studies 
will continue to be followed. 



Market data (as of 07/15/05) 

Closing Price: $89.58 

52-week Range: $41.00-$90.57 

Market Cap: $95.2 billion 

Total Shares Outstanding: 1,062.4 million 
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Q2 2005 / EARLY Q3 2005 NEWS/EVENTS 

• Diluted GAAP earnings per share for the second quarter of 2005 increased 69 
percent to $0.27 per share from $0.16 per share in the second quarter of 2004. Non- 
GAAP earnings per share for the second quarter of 2005 increased 58 percent to 
$0.30 per share from $0. 19 per share in the second quarter of 2004. 

Genentech's non-^GAAP financial results exclude litigation-related special charges 
of $19.5 million in the second quarter of 2005 and $13.5 million in the second quar- 
ter of 2004; and recurring charges related to the 1999 redemption of Genentech s 
Special Common Stock of $34.5 million in the second quarter of 2005 and $382 
million in the second quarter of 2004, net of related taxes. 

• Total product sales reached $1,274. 1 million for the second quarter of 2005, a 39 
percent increase over product sales of $913.4 million in the second quarter of 2004. 
Total product sales were comprised of U.S. product sales of $1,215.9 million and 
product sales to collaborators of $58.2 million. 

• Genentech announced positive Phase III data results for Avastin, Herceptin, Lu- 
centis and Rituxan demonstrating clinically and statistically significant outcomes: 
Avastin plus paclitaxel and carboplauri chemotherapies in first-line non-squamous, 
noh- small cell lung cancer, Rituxan in patients with rheumatoid arthritis who inad- 
equately respond to anti-TNF alpha therapies, Avastin plus paclitaxel chemotherapy 
in first-line metastatic breast cancer, Herceptin plus chemotherapy in early-stage 
breast cancer, and Lucentis in patients with minimally classic or occult wet age- 
related macular degeneration. 

• Genentech and OSI Pharmaceuticals announced that OSI submitted a supplemental 
New Drug Application with the FDA for use of Tarceva plus gemcitabine chemo- 
therapy for the treatment of advanced pancreatic cancer in patients who have not 
received any previous treatment 

• In trie second quarter, Genentech began enrolling patients in several Phase III stud- 
ies, including Rituxan in systemic lupus erythematosus, Avastiri in prostate cancer, 
and combination Avastin and Tarceva in second-line non- small cell lung cancer. 
Enrollment also began in a Phase I study of a small molecule topical hedgehog 
antagonist candidate in basal cell carcinoma 

• Omnitarg as a single agent in breast and lung cancer was removed from the devel- 
opment pipeline. The Phase II study of Omnitarg in combination with chemothera- 
py for ovarian cancer continues to enroll. 

• Positive Phase III results were reported with Lucentis in patients with wet age-re- 
lated macular degeneration (AMD), showing for the first time in a Phase III trial, 
a statistically significant improvement in vision for patients in a disease that has 
remained chronic and progressive despite current treatment options. Additionally, 
the Phase I/II study of Lucentis demonstrated improved vision in patients with wet 
AMD when used in combination with verteporfin photodynamic therapy. 

• Genentech and Boehringer I ngelheim announced that the ASSENT 4 percutane- 
ous coronary intervention (PCI) trial, an open-label Phase IV study of single-bolus 
tenecteplase in combination with a planned PCI, was stopped early after an analysis 
showed mortality rates in those patients treated with tenecteplase plus PCI were 
higher than in the PCI alone arm. 

• Genentech completed the acquisition of the Oceanside biologies manufacturing fa- 
cility from Biogen Idee for approximately $408 million in cash, plus approximately 
$9 million in closing costs. Upon FDA licensure, the Oceanside facility will add 
90,000 liters of capacity that will initially be dedicated to producing Avastin bulk 
drug substance. 

• Genentech's Board of Directors authorized the extension of its current stock repur- 
chase program for the repurchase of up to an additional $2 billion of its common 
stock for a total of $4 billion through June 30, 2006. The Board also amended the 
current repurchase program by increasing the maximum number of shares that can 
be repurchased from 50 million to 80 million shares. 

Please refer to the press releases on our website at www.gene.com for more detailed 
information regarding data results and other corporate news. 
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Awaiting FDA Action 
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| Tarceva 

i 


Pancreatic cancer 


FDA Piling Preparation 


Avastin 


Metastatic breast cancer 
Non-small cell lung cancer 
Second-line colorectal cancer 


Herceptin 


Adjuvant breast cancer 
First-line metastatic breast cancer in 
combination with taxotere 


Rttuxan 
Hematology/Oncology 


Frontline aggressive nhl 

Indolent frontline/maintenance** nhl 


RlTUXAN 

Immunology 


Refractory rheumatoid arthritis 


Phase 111 


AVASTTN 


Adjuvant colorectal cancer 
First-line ovarian cancer* 
Pancreatic cancer 
Prostate cancer 
Renal cell carcinoma 


LUCENTIS 


Wet age-related macular degeneration 


RlTUXAN 

Hematology/Oncology 


Relapsed chronic lymphocytic leukemia 


Rttuxan 
Immunology 


Anca -associated vasculths 
Lupus nephrttis* 

Mod-to-severe rheumatoid arthritis* 
Primary progressive multiple sclerosis 
Systemic lupus erythematosus 


Tarceva 


Adjuvant non-small cell lung cancer* 


Tarceva +/- Avastin 


Second-line non-small cell lung cancer 


Xolair 


Pediatric asthma 


PHASE II 


2nd GENERATION ANTI-CD20 


Rheumatoid arthritis 


Avastin 


Refractory ovarian cancer 


Avastin +/- Tarceva 


Non-small cell lung cancer 
Renal cell carcinoma 


Omnttarg 


Ovarian cancer 


Raptiva 


Adult atopic dermatitis* 


Rituxan-Immunology 


Relapsed remitting multiple sclerosis 


Topical vegf 


Diabetic foot ulcers* 


Xolair 


Peanut allergy 
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Anti-ngf 


Acute and chronic pain 


Apo2l/trail 


Cancer therapy 


Br3-Fc 


Rheumatoid arthritis 


Topical Hedgehog 
Antagonist 


Basal cell carcinoma 



♦Preparing for Phase 

**one area of concern for fda is the use of the term "maintenance**, so we 
will be workino toward a nomenclature that fda feels better describes this 

APPROACH. 
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Total Product Sales 
($ in millions) 



2004 



$3,7485 



$2,621.4 
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Diluted Earnings Per Share 1,23 



□ GAAP 
□Non-OAAP 



$0.83 



S0.73 



$0.60 



$0.46 






2002 



2003 



2004 



(1) Nod-GAAP amounts exclude: (i) recurring charges related to the 1999 
redemption of our Special Common Stock of $145.5 million in 2004, $1543 
million in 2003, $155.7 million in 2002; (ii) litigation settlements (net of 
litigation charges) of $113.1 million in 2003, and litigation charges (net of a 
released accrual) of $37.1 million in 2004 and $543.9 million in 2002; (iii) a 
$47.6 million charge, net of tax, in 2003 as a cumulative effect of the change 
in accounting principle for our adoption of the Financial Accounting Standards 
Board (or FASB) Interpretation No. 46, "Consolidation of Variable Interest 
Entities" on July 1 , 2003. 

(2) Net income in 2002 also reflects our adoption of FAS 141, "Business 
Combinations" and 142, "Goodwill and Other Intangible Assets" on January 1, 
2002. As a result of our adoption, reported net income increased by approxi- 
mately $157.6 million (or $0.15 per share) due to the cessation of goodwill 
amortization and the amortization of our trained and assembled workforce 
intangible asset. 

(3) All share and per share amounts reflect the May 2004 two-for-one stock 
split of our Common Stock. 
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WARNINGS: 
CARDIOMYOPATHY 

HERCEPTIN administration can result in the development of ventricular dysfunction and 
congestive heart failure. Left ventricular function should be evaluated in all patients prior to and 
during treatment with HERCEPTIN. Discontinuation ot HERCEPTIN treatment should be strongly 
considered in patients who develop a clinically significant decrease in left ventricular function. 
The Incidence and severity of cardiac dysfunction was particularly htah in patients who received 
HERCEPTIN in combination with anthracyciines and cyclophosphamide. (See WARNINGS.) 

HYPERSENSITIVITY REACTIONS INCLUDING ANAPHYLAXIS 
INFUSION REACTIONS 
PULMONARY EVENTS 

HERCEPTIN administration can result in severe hypersensitivity reactions (including anaphylaxis), 
Infusion reactions, and pulmonary events. Rarely, these have been fata). In most cases, symptoms 
occurred during or within 24 hours of administration of HERCEPTIN. HERCEPTIN infusion should 
be interrupted for patients experiencing dyspnea or dinicaOy significant hypotension. Patients 
should be monitored until signs and symptoms completely resolve. Discontinuation of 
HERCEPTIN treatment should be strongly considered for patients who develop anaphylaxis, 
angtoedema, or acute respiratory distress syndrome. (See WARNINGS.) 



DESCRIPTION 

HERCEPTIN (Trastuzumab) is a recombinant DNA-derived humanized monoclonal antibody that 
selectively binds with high affinity in a cell-based assay 001*5 nM) to the extracellular domain of 
the human epidermal growth factor receptor 2 protein, HER2. U The antibody is an igS, kappa that 
contains human framework regions with the complementarity-determining regions of a murine 
antibody (4D5) that binds to HER2. 

The humanized antibody against KER2 is produced by a mammalian ceTJ (Chinese Hamster Ovary 
(CHOj) suspension culture in a nutrient medium containing the antibiotic gentamitin. Gentamlcm 
b not detectable in the final product 

HERCEPTIN is a sterile, white to pale yeBow, preservative-free tyophilized powder for intravenous 
(IV) administration. The nominal content of each HERCEPTIN vial is 440 mo Trastuzumab, 9.9 mg 
L-histidine HCL 6.4 mg l-histidine, 400 mg aa-trehalose dihydrate, and 1.8 mg pofysorbate 20, 
USP. RecorriUbJtlos with 20 mL of the supplied Bacteriostatic Water for InjecBoa (BWH), USP, 
containing 1.1% benzyl alcohol as a preservative, yields a multi-dose solution containing 
21 mg/mL Trastuzumab, at a pH of approximately & 

CLINICAL PHARMACOLOGY 
General 

The HER2 (or c-erbB2) proto-oncogene encodes a transmembrane receptor protein of 185 kDa, 
which is structurally related to the epidermal growth factor receptor. 1 HER2 protein overexpression 
is observed In 25%-30% of primary breast cancers. HER2 protein overexpression can be 
determined using immunohistochemistiy (IHC) and gene amplification can be determined using 
fluorescence In situ hybridization (RSH) of fixed tumor blocks.' In referenced studies where 
HERCEPTIN use was not studied," approximately 38-98% of biopsy specimens that were found to 
have protein overexpression also had gene amp&flcation and 100% of those with gene 
amplification also had protein overexpression." The precision of the determination of protein 
overexpression or gene amplification, however, may vary depending on the sensitivity and 
specificity of the particular assay and assay procedures used (see PRECAUTIONS). When 
compared to the referenced studies noted above, the correlation between detectable protein 
overexpression using immunohbtochemistry (IHC) and detectable gene amplification using 
fluorescence in situ hybridization [RSH) was not as high in the studies of HERCEPTIN clinical trial 
specimens (see CLINICAL STUDIES: HER2 Detection and HER2 Assay Concordance Studies and 
PRECAUTIONS: HER2 Testing). 

Trastuzumab has been shown, in both in vitro assays and In animals, to inhibit the proliferation of 
human tumor cells that overexpress HER2. M 

Trastuzumab is a mediator of antibody-dependent celtutar cytotoxicity (ADCC)." in vitro, 
KERCEPTIN-mediated ADCC has been shown to be preferentially exerted on HER2 overexpressing 
cancer ceus compared with cancer cells that do not overexpress HER2. 

Pharmacokinetics 

The pharmacokinetics of Trastuzumab were studied in breast cancer patients with metastatic 
disease. Short duration intravenous infusions of 10 to 500 mg once weekly demonstrated dose- 
dependent pharmacokinetics. Mean half-fife increased and clearance decreased with increasing 
dose level. The half-life averaged 1.7 and 12 days at the 10 and 500 mg dose levels, respectively. 
Trastuzumabs volume of distribution was approximately that of serum volume (44 mL/kg). At the 
highest weekly dose studied (500 mg), mean peak serum concentrations were 377 microgram/mL 

In studies using a loading dose ot 4 ma/kg followed by a weekly maintenance dose of 2 mg/kg, a 
mean halHlfe of 5.8 days (ranged to 32 days) was observed. Between Weeks 16 and 32, 
Trastuzumab serum concentrations reached a steady state with mean trough and peak 
concentrations of approximately 79 microgram/mL and 123 microgram/mL. respectively. 

Detectable concentrations of the circulating extracellular domain of the HER2 receptor (shed 
antigen) are found bi the sera of some patients with HER2 overexpressing tumors. Determination 
of sned antigen in baseline serum samples revealed that 64% (286/447) of patients had detectable 
shed antigen, which ranged as high as 1880 ng/ml (mediant 1 ng/mL). Patients with higher 
baseline sned antigen levels were more likely to have lower serum trough concentrations. However, 
with weekly dosing, most patients with elevated shed antigen levels achieved target serum 
concentrations of Trastuzumab by Week 6. 

Data suggest that the disposition of Trastuzumab Is not altered based on age or serum creatinine 
(up to 2.0 mg/dl). No formal Interaction studies have been performed. 

Mean serum trough concentrations of Trastuzumab, when administered in combination with 
paditaxel, were consistently elevated approximately 1.5-fold as compared with serum 
concentrations of Trastuzumab used In combination with anthracycline plus cyclophosphamide. In 
primate studies, administration of Trastuzumab with paclitaxel resulted in a reduction in 
Trastuzumab clearance. Serum levels of Trastuzumab In combination with dsplatin, doxorubicin or 
epirubicln plus cyclophosphamide did not suggest any interactions; no formal drug interaction 
studies were performed. 

CLINICAL STUDIES 

The safety and efficacy of HERCEPTIN were studied in a randomized, controlled clinical trial in 
combination with chemotherapy (469 patients) and an open-label single agent clinical trial (222 
patients). Both trials studied patients with metastatic breast cancer whose tumors overexpress the 



HERCEPTIN* (Trastuzumab) 

HER2 protein. Patients were eligible if they had 2+ or 3+ levels of overexpression (based on a 0 to 
3* scale) by immunohistochemtca! assessment of tumor tissue performed by a centra) testing lab. 

A multrcenter. randomized, controlled clinical trial was conducted in 469 patients with metastatic 
breast cancer who had not been previously treated with chemotherapy for metastatic disease." 
Patients were randomized to receive chemotherapy alone or in combination with HERCEPTIN given 
intravenousrv as a 4 mgAg loading dose followed by weekly doses of HERCEPTIN at 2 mg/kg. For 
those who had received prior anthracycline therapy in the adjuvant setting, chemotherapy 
consisted of paclitaxel (175 malm* over 3 hours every 21 days tor at least six cycles); for all other 
patients, chemotherapy consisted of anthracycline plus cyclophosphamide (AC: doxorubicin 
60 mp/nV or epirubicin 75 mg/m 2 plus 600 mgmV cyclophosphamide every 2f days for six cycles). 
Compared with patients in the AC subgroups <n=28l). patients In the pacfitaxel subgroup (n»188) 
were more likely to have had the following: poor prognostic factors (premenopausal status, 
estrogen or progesterone receptor negative tumors, positive lymph nodes), prior therapy (adjuvant 
chemotherapy, myeloablatrve chemotherapy, radiotherapy), and a shorter disease-free interval. 
Sixty-five percent of patients randomized to receive chemotherapy alone in this* study received 
HERCEPTIN at the time of disease progression as part of a separate extension study. 

Compared with patients randomized to chemotherapy alone, the patients randomized to HERCEPTIN 
and chemotherapy experienced a significantly longer median time to disease progression, a higher 
overall response rate (ORR), a longer median duration of response, and a longer median survival 
(see Table 1). These treatment effects were observed both in patients who received HERCEPTIN plus 
pacfitaxel and in those who received HERCEPTIN plus AC, however the magnitude of the effects was 
greater In the paditaxel subgroup (see CUNICAL STUDIES: HER2 Detection). 

Table 1 

Phase 111 Clinical Efficacy in first-Line Treatment 





Combined Results 
HERCEPTIN 

Ail ah 

Chemo- Chemo- 
therapy therapy 
(n-235) (n«234) 


Paditaxel Subgroup 
HERCEPTIN 
♦ 

Pacfitaxel Paditaxel 
(n-92) (0-96) 


AC Subgroup 
HERCEPTW 

AC' AC 
(0-143) (a- 138) 


fttmarf End point 
Time to Progression^ 


12 45 
a9,8i 4.3,4.9 
<OJX)01 


&7 25 
5.2.19 2.0.4.3 
<0.00O1 


75 57 
7.2.9.1 45,7.1 
0.002 


Median (months) 
p-value (log rank) 


* J m . -j _ _« 

vCSOuflBJf PiDBWM 

OveraS Response Rate* 


45 29 
39.51 23.35 
4X001 

8.3 5i 
55.14.8 33.8.5 

8.1 20.3 
212,295 16\8,24.2 
0.05 


38 15 
28,48 8,22 
<0.001 

8.3 42 
11.11JJ 3.7,7.4 

22.1 18.4 
16.9,285 12.7,24.4 
0.17 


50 38 
42,58 30.46 
0.10 

8.4 6.4 
5.8,145 4.5,85 

265 21.4 
235,325 185.265 
0.16 


Rate (percent) 
95% confidence interval 
p-value fa2-test) 
Duration of Response* 1 


Medan (months) 
25%, 75% quartta 
Survival Time 1 


MecSasi SunnVal (rnonths) 
95% confidence Interval 
p-vakie (log rank) 



•AC » anthracycline (doxorubicin or epirubicin) and cyclophosphamide. 
•Assessed by an independent Response Evaluation Committee. 
'Kaplan-Meier Estimate. 

HERCEPTIN was studied as a single agent m a multJcenter, open-label, single-arm clinical trial in 
patients with HER2 overexpressing metastatic breast cancer who had relapsed following one or 
two prior chemotherapy regimens for metastatic disease. Of 222 patients enrolled, 66% had 
received prior adjuvant chemotherapy. 68% had received two prior chemotherapy regimens for 
metastatic disease, and 25% had received prior myeloablatrve treatment with hematopoietic 
rescue. Patients were treated with a loading dose of 4 mg/kg IV followed by weekly doses of 
HERCEPTIN at 2 mg/kg IV. The ORR (complete response ♦ partial response), as determined by an 
independent Response Evaluation Committee, was 14%, with a 2% complete response rate and a 
12% partial response rate. Complete nspcnseswere<>bservedoorytapatieite 
to skin and lymph nodes (see CLINICAL STUDIES: HER2 Detection). 

HER2 Detection 

(See PRECAUTIONS: HER2 Testing) 

Detection of HER2 protein overexpression is necessary for selection of patients appropriate for 
HERCEPTIN therapy (see INDICATIONS). Overexpression of HER2 by tumors was an entry criterion 
of the two dinicaf studies described above. In those studies, a lesearch-use-only IHC assay 
(referred to as the Clinical Trial Assay, CTA) was used. 

The commercial assays described below, NercepTesT (IHC assay) and PathVysion" (RSH assay), 
are appropriate assays to aid in the selection of patients for HERCEPTIN therapy (see CLINICAL 
STUDIES: HER2 Detection: HER2 Protein Overexpression Detection Methods and HER2 Gene 
Amplication Detection Methods). The comparability of either assay with regard to the abi&ty to 
predict clinical benefit from HERCEPTIN therapy has not been prospectively studied. In addition, 
the utility of either assay in patients whose tumors would score as 0 or U by the Cfinlcal Trial 
Assay (CTA) has not been established because patients with tumors that scored as 0 or 1 ♦ were 
excluded from the clinical studies described. 

HER 2 Protein Overexpression Detection Methods 

HER2 protein overexpression can be established by measuring expressed HER2 protein using IHC 
methodology. In the clinical trial studies described above, specimens were tested with the CTA and 
scored as 0, H, 2*. or 3+ with 3+ indicating the strongest podbvity. Only patients with 2+ or 3+ 
positive tumors were eligible (about 33% of those screened). Data from the randomized trial suggest 
that the beneficial treatment effects were largely Bmited to patients with the highest level of HtR2 
protein overexpression (3+) (see Table 2). In an exploratory analysis, Ihe relative risk (rr) for time to 
progression was lower in tne patients whose tumors tested as CTA 3* (rr ■ 0.42 with 95% 0: 0.33, 
Oil) than m those tested as CTA 2+ (rr a 0.76 with 95% CI: 050, 1 .15). The relative risk represents 
the risk of progression in the HERCEPTIN plus chemotherapy arm versus the chemotherapy arm. 
Therefore, a lower ratio represents longer time to progression in the HERCEPTIN arm. In the singte- 
arm study of HERCEPTIN as a single agent, the overall response rate in patients whose tumors tested 
as CTA 3* was 18% whfle in those that tested as CTA 2+, it was 6%. 

HercepTest", another IHC assay, was assessed for concordance with the CTA (see HER2 Testing: 
Concordance Studies), but has not been used to assess tumor spedmens from the HERCEPTIN 
clinical studies described above. 
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WARNINGS: 
CARDIOMYOPATHY 

HERCEPTIN administration can result in the development of ventricular dysfunction and 
congestive heart failure. Left ventricular function should be evaluated in all patients prior to and 
during treatment with HERCEPTIN. Discontinuation ol HERCEPTIN treatment should be strongly 
considered in patients who develop a clinically significant decrease In left ventricular function. 
The incidence and seventy of cardiac dysfunction was particularly high in patients who received 
HERCEPTIN in combination with anmracycGnes and cyctophospfianude. (See WARNIN6S.) 

HYPERSENSITIVITY REACTIONS INCLUDING ANAPHYLAXIS 
INFUSION REACTIONS 
PULMONARY EVENTS 

HERCEPTIN administration can result in severe hypersensitivity reactions (including anaphylaxis), 
infusion reactions, and pulmonary events. Rarely, these have been fatal. In most cases, symptoms 
occurred during or within 24 hours of administration of HERCEPTIN. H ERCEPTIN infusion should 
be interrupted for patients experiencing dyspnea or clinically significant hypotension. Patients 
should be monitored until signs and symptoms completely resolve. Discontinuation of 
HERCEPTIN treatment should be strongly considered for patients who develop anaphylaxis, 
angioedema, or acute respiratory distress syndrome. (See WARNINGS.) 



DESCRIPTION 

HERCEPTIN (Trastuzumab) is a recombinant DMA-derived humanized monoclonal antibody that 
selectively binds with high affinity in a cell-based assay (Kd=5 nM) to the extracellular domain of 
the human epidermal growth factor receptor 2 protein, HER2. U The antibody is an IgG, kappa that 
contains human framework regions with the complementarity-determinmg regions of a murine 
antibody (4D5) that binds to HER2. 

The humanized antibody against HER2 is produced by a mammalian ceQ (Chinese Hamster Ovary 
[CHOD suspension culture in a nutrient medium containing the antibiotic gentamicin. Gentamlcm 
b not detectable in the final product 

HERCEPTIN is a sterile, white to pale yellow, preservative-free lyophillzed powder for intravenous 
(IV) administration. The nominal content of each HERCEPTIN vial rs 440 mg Trastuzumab, 9.9 mg 
Uistidirre HO, 6.4 mg L-histidine. 400 mg o,a-trehalose dihydrate, and 1.8 mg por/sorbate 20, 
USP. Recorrslltution with 20 mL of he supplied Bacteriostatic Water for Injection (BWR), USP, 
containing 1.1% benzyl alcohol as a preservative, yields a multi-dose solution containing 
21 mg/rnl Trastuzumab, at a pH of approximately & 

CLINICAL PHARMACOLOGY 
General 

The HER2 (or c-erbB2) proto-cncogene encodes a transmembrane receptor protein of 185 kDa. 
which is structurally related to the epidermal growth factor receptor.' HER2 protein overexpression 
is observed in 25%-30% of primary breast cancers. HER2 protein overexpression can be 
determined using immunohistochemistry (IHC) and gene amplification can be determined using 
fluorescence In situ hybridization (HSH) of fixed tumor blocks. 1 In referenced studies where 
HERCEPTIN use was not studied," approximately 98-98% of biopsy specimens that were found to 
have protein overexpression also had gene amplification and 100% of those with gene 
amplification also had protein overexpression." The precision of the determination of protein 
overexpression or gene amplification, however, may vary depending on the sensrtivity and 
specificity of the particular assay and assay procedures used (see PRECAUTIONS), when 
compared to the referenced studies noted above, the correlation between detectable protein 
overexpression using immunohistochemistry (IHC) and detectable gene amplification using 
fluorescence in situ hybridization (RSH) was not as high in the studies of HERCEPTIN clinical trial 
b CLINICAL STUDIES: HER2 Detection and HER2 Assay Concordance Studies and 



HER2 Testing). 

Trastuzumab has been shown, in both in vitro assays and In animals, to inhibit the proliferation of 
human tumor ceOs that overexpress HER2 M 

Trastuzumab is a mediator of antibody-dependent cellular cytotoxicity (ADCCJ." in vflro. 
HERCEPTIN-mediated ApCC has been shown to be preferentially exerted on HER2 overexpressing 
cancer ceOs compared with cancer ceils that do not overexpress HER2. 

Pha rm e cokfnetics 

The pharmacokinetics of Trastuzumab were studied In breast cancer patients with metastatic 
disease. Short duration intravenous infusions of 10 to 500 mg once weekly demonstrated dose- 
dependent pharmacokinetics. Mean naff-life increased and clearance decreased with increasing 
dose level The half-life averaged 1.7 and 12 days at the 10 and 500 mg dose levels, respectively. 
Trastuzumab* volume of distribution was approximately that of serum volume (44 mL/kg). At the 
highest weekly dose studied (500 mg). mean peak serum concentrations were 377 rrtcrogranVtnL 

In studies using a loading dose of 4 mg/ko followed by a weekly maintenance dose of 2 mr> 
mean halHlfe of 5.8 days (ranged to 32 days) was observed. Between Weeks 16 and ; 
Trastuzumab serum concentrations reached a steady state with mean trough and peak 
concentrations of approximately 79 microgram/mL and 123 mlcrogram/mL. respectively. 

Detectable concentrations of the circulating extracellular domain of the HER2 receptor (shed 
antigen) are found in the sera of some patients with HER2 overexpressing tumors. Determination 
of shed antigen in baseline serum samples revealed that 64% (286/4471 of patients had detectable 
shed antigen, which ranged as high as 1880 ng/mL (mediant 1 ng/mL). Patients with higher 
baseline shed antigen levels were more likely to have lower serum trough concentrations. However, 
with weekly dosing, most patients with elevated shed antigen levels achieved target serum 
concentrations of Trastuzumab by Week 6. 

Data suggest that the disposition of Trastuzumab is not altered based on age or serum creatinine 
(up to 2.0 mg/dL). No formal interaction studies have been performed. 

Mean serum trough concentrations of Trastuzumab, when administered in combination with 
paclitaxel, were consistently elevated approximately 1.5-fold as compared with serum 
concentrations of Trastuzumab used in combination with anthracycline plus cyclophosphamide. In 
primate studies, administration of Trastuzumab with paclitaxel resulted In a reduction in 
Trastuzumab clearance. Serum levels of Trastuzumab in combination with tisplatin. doxorubicin or 
epirubicin plus cyclophosphamide did not suggest any interactions; no formal drug interaction 
studies were performed. 

CLINICAL STUDIES 

The safety and efficacy of HERCEPTIN were studied in a randomized, controlled clinical trial in 
combination with chemotherapy (469 patients) and an open-label single agent clinical trial (222 
patients). Both trials studied patients with metastatic breast cancer whose tumors overexpress the 



HERCEPTIN* (Trastuzumab) 

HER2 protein. Patients were eligible if they had 2+ or 3+ revels of overexpression (based on a 0 to 
3* scale) by immunohistochermcal assessment of tumor tissue performed by a centra) testing lab. 

A multicenter, randomized, controlled clinical trial was conducted in 469 patients with metastatic 
breast cancer who had not been previously treated with chemotherapy for metastatic disease." 
Patients were randomized to receive chemotherapy alone or in combination with HERCEPTIN given 
intravenously as a 4 mgAg loading dose followed by weekly doses of HERCEPTIN at 2 mg/kg. For 
those who had received prior anthracycline therapy in the adjuvant setting, chemotherapy 
consisted of paclitaxel (175 mo/m 1 over 3 hours every 21 days for at least six cycles); for all other 
patients, chemotherapy consisted of anthracycline plus cyclophosphamide (AC: doxorubicin 
60 mo/m* or epirubicin 75 mo/m* plus 600 mg/rrV cyclophosphamide every 21 days for six cycles). 
Compared with patients in the AC subgroups (n=»281), patients in the pacfitaxel subgroup (n=188) 
were more likely to have had the following: poor prognostic factors (premenopausal status, 
estrogen or progesterone receptor negative tumors, positive lymph nodes), prior therapy (adjuvant 
chemotherapy, myeloablatrve chemotherapy, radiotherapy), and a shorter disease-free interval. 
Sixty-five percent of patients randomized to receive chemotherapy alone in this- study received 
HERCEPTIN at the time of disease progression as part of a separate extension study. 
Compared with patients randomized to chemotherapy alone, the patients randomized to HERCEPTIN 
and chemotherapy experienced a significantly longer median time to disease progression, a higher 
overall response rate (ORR), a longer median duration of response, and a longer median survival 
(see Table 1). These treatment effects were observed both in patients who received HERCEPTIN plus 
pacStaxet and in those who received HERCEPTIN plus AC, however the magnitude of the effects was 
greater in the pacfitaxel subgroup (see CLINICAL STUDIES: HER2 Detection). 

Table 1 

Phase III Clinical Efficacy In first-Line Treatment 





Combined ResuBs 
HERCEPTIN 

All AD 
Cfiemo* Chemo* 
therapy therapy 
(n»235) (n«234) 


Paclitaxel Subgroup 
HERCEPTIN 

Paclitaxel Paclitaxel 
(n.B) (n-96) 


AC Subgroup 
HERCEPTIN 

AC* AC 
(n.143) (n - 138) 


Mroy EndpnM 
Time to Progression* 


72 45 
R9.82 4 J, 4.9 
<OJ0001 


6.7 25 
5.2.49 2.0. 45 
<0 0001 


75 17 
72.9.1 4.6,7.1 
0.002 


Median (months) 
95% confidence interval 
p-vatue (log rank) 


Secondary EndpoftiB 
Overal Response Rate* 


45 29 
39,51 23,35 
40.001 

13 55 
55.14.8 3.9,8.5 

25.1 20.3 
222, 29.5 16.8.24.2 
0.05 


38 15 
28,48 8,22 
<0.001 

8.3 O 
5.1. 11.0 3.7,7.4 

22.1 114 
16.9. 2*6 12.7.24.4 
0.17 


50 38 
42,58 30,46 
0.10 

8.4 6,4 
5.8. 14^ 4.5,85 

26.8 21.4 
23.3, 32* 18.3,265 
0.16 


Rate (percent) 
95% confidence interval 
p-vahtt (z2-test) 
Duration of Response* 


Median (months) 
25%, 75% quartae 
Survta! Trm? 


Median Survival (months) 
95% confidence Interval 
p-valw (tog rank) 



•AC e anthracydine (doxorubicin or epirubicin) and cyclophosphamide. 
'Assessed by an independent Response Evaluation Committee. 
'Kaplan-Meier Estimate. 

HERCEPTIN was studied as a single agent in a multicenter, open-label, single-arm clinical trial in 
patients with HER2 overexpressing metastatic breast cancer who had relapsed following one or 
two prior chemotherapy regimens for metastatic disease. Of 222 patients enrolled, 66% had 
received prior adjuvant chemotherapy, 68% had received two prior chemotherapy regimens for 
metastatic disease, and 25% had received prior myeloablatrve treatment with hematopoietic 
rescue. Patients were treated with a loading dose or 4 mg/kg IV followed by weekly doses of 
HERCEPTIN at 2 mg/kg W. The ORR (complete response ♦ partial response), as determined by an 
independent Response Evaluation Committee, was 14%. with a 2% complete response rate and a 
1 2% partial response rate. Co mpfete responses were observed only in patients with disease limited 
to skin and lymph nodes (see CLINICAL STUDIES: HER2 Detection). 

HER2 Detection 

(See PRECAUTIONS: HER2 Testing) 

Detection of HER2 protein overexpression is necessary for selection of patients appropriate for 
HERCEPTIN therapy (see INDICATIONS). Overexpression of HER2 by tumors was an entry criterion 
of the two clinical studies described above, in those studies, a research-use-only IHC assay 
(referred to as the Clinical Trial Assay, CTA) was used. 

The commercial assays described below. HercepTesT (IHC assay) and PathVysfon" (RSH assay), 
are appropriate assays to aid in the selection of patients for HERCEPTIN therapy (see CLINICAL 
STUDIES: HER2 Detection: HER2 Protein Overexpression Detection Methods and HER2 Gene 
Amplication Detection Methods). The comparability of either assay with regard to the ability to 
predict clinical benefit from HERCEPTIN therapy has not been prospectively studied. In addition, 
the utility of either assay in patients whose tumors would score as 0 or U by the Cfinical Trial 
Assay (CTA) has not been established because patients with tumors that scored as 0 or 1 ♦ were 
excluded from the clinical studies described. 
HER2 Protein Overexpression Detection Methods 

HER2 protein overexpression can be established by measuring expressed HER2 protein using IHC 
methodology. In the clinical trial studies described above, specimens were tested with the CTA and 
scored as 6, U, 2*. or 3+ with 3+ Indicating the strongest positrvity. Only patients with 2* or 3+ 
positive tumors were eligible (about 33% of those screened). Data from me randomized trial suggest 
that the beneficial treatment effects were largely limited to patients with the highest level of HER2 
protein overexpression (3+) (see Table 2). In an exploratory analysis, the relative risk (it) for time to 
progression was lower in the patients whose tumors tested as CTA 3* (rr - 0.42 with 95% CI: 0.33, 
oil) than hi those tested as CTA 2+ (rrs 0.76 with $5% CI: 050, 1.15). The relative risk represents 
the risk of progression in the HERCEPTIN plus chemotherapy arm versus the chemotherapy arm. 
Therefore, a lower ratio represents longer time to progression in the HERCEPTIN arm. In the single- 
arm study of HERCEPTIN as a single agent, the overall response rate in patients whose tumors tested 
as CTA 3* was 18% while In those that tested as CTA 2+. it was 6%. 

HercepTest". another IHC assay, was assessed for concordance with the CTA (see HER 2 
Concordance Studies), but has not been used to assess tumor specimens from the HF 
clinical studies descnl>ed above. 
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HER2 Gene Amplification Detection Methods 
As a surrogate (or protein overexpression, measurement of the number ol 
FISH to detect gene amplification may be employed. An exploratory, retrospective assessment 
known CTA 2+ or 3+ tumor specimens was performed to detect HER2 gene amplification using 
PathVysion", a FISH assay. Data from this retrospective analysis involving 660 of 691 (96%) 
patients enrolled in the clinical studies (all scoring 2* or 3* by the CTA) suggested that the 
beneficial treatment effects were greater in patients whose tumors tested as RSH (♦) than in (hose 
that were FISH (-); however, time to progression was prolonged lor patients on the HERCEPTIN 
arm, regardless of the FISH result (see Table 2). In the single arm study of KERCEPT1N as a single 
agent, the overall response rate in patients whose tumors tested as FISH {♦) was 20%. while in 
those tested as FISH (-), there were no responses. 

These data are not sufficient to conclude whether FISH testing can distinguish a subpopulation of 
CTA 24 patients who would be unlikely to benefit from HERCEPTIN therapy. In addition, there are 
no data correlating clinical outcome with RSH test results tor patients with tumors thai scored as 
0 or 1 ♦ by CTA; therefore, conclusions regarding the usefulness of FISH in the genera) population 
cannot be made. 

Table 2 

Treatment Effect versus Level of HER2 Expression 
Phase III Randomized Trial (N - 469): 
HERCEPTIN Plus Chemotherapy versus Chemotherapy 



HER2 Assay 
Result 


Number of 
Patients (N) 


Relative Risk' * 
for Time to Disease 
Progression (95% Q) 


Relative Risk** 
tor Mortality 

(95% a) 


CTA 2* or 3+ 
flSH(*)" 
RSH(-)* 


469 
325 
126 


0.49 (0,40, 0.61 
0.44 (0,34, 0.5f 
0.62(0.42,0.94 




0.80(0.64,1.00) 
0.70(0.53,051) 
1.06(070.153) 


CTA 2* 
RSH (4) 
RSHH 


120 
32 
83 


0.76(050. 1.15) 
0^4(021.1^5) 
0.77(0.48,1.2) 


1.26(0.82,154) 
1.31 (0.53. 3.27) 
1.11(0.68.152) 


CTA 3+ 
RSH (4) 
RSH I) 


349 
293 
43 


0.42(033.054) 
0.42 (0.32, 055) 
043(020,0.94) 


0.70(051,050) 
0.67(051,059) 
0.88(039.1.98) 



ICEPTIN plus 
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"The relative risk represents the risk of progression or death in the 
chemotherapy arm versus the chemotherapy arm. 

HER2 Assay Concordance Studies ' 
(See PRECAUTIONS: HER2 Testing) 

tmrnvnoMstochsmistry: The DAKO HercepTest", an IHC test tor detecting HER2 protein 
overexpression, has not been directly studied for its ability to predict HERCEPTIN treatment effect, 
but has been compared to the CTA on over 500 breast cancer histotogy specimens obtained from ttie 
National Cancer Institute Cooperative Breast Cancer Tissue Resource. Based upon these results, of 
specimens testing 3f (strongly positive) on the HercepTesT, 82% were 3* (i.e. the reading most 
associated with titnfca) benefit). 12% were 2+. and 6% were 0 or U on the CTA. The 6% of 
HercepTesT 3* specimens that were CTA 0 or 1* would be expected to lenresem 2% rtfteO and W 
Deputation. 01 specimens testing 2+JweaMy positive) on the HercepTesT, 14% were 3* , 20% were 
2+, and 66% were 0 or U on the CTA. Of specimens testing 0 or U on the HercepTesT, 2% were 
3+, 6% were 2*. and 92% were 0 or 1* on the CTA. 

Fluorescence In situ Hybridization: The Vysfe PathVysion" HER2 DMA Probe, a RSH test for 
detecting HER2 gene amplification, was compared with the CTA on over 500 breast cancer 
histology specimens originally submitted for potential enrollment in the HERCEPTIN trials. A 
HER? on 7 ratio of *2 was defined as RSH positive (+). Based on these results, of specimens 
testing FISH M by PathVysion". 61% were 3+. 10% were 2», and 9% were 0 or 1* on the CTA. 
The 9% ol HsH (+) specimens that were CTA 0 or H would be expected to represent 3% of the 
total CTA 0 or u population. 01 specimens testing RSH {-) by PathVysion". 3% were 3*, 10% were 
24, and 87% were 0 or 14 on the CTA. 

INDICATIONS AND USAGE 

HERCEPTIN as a single agent is indicated for the treatment of patients with metastatic breast cancer 
whose tumors overexpress the HER2 protein and who have received one or more chemotherapy 
regimens for their metastat ic diseas e. HERCEPTIN in combination with paditaxel is indicated tor 
treatment of patients with metastatic breast cancer whose tumors overexpress the HER2 protein and 
who have not received chemotherapy for their metastatic disease. HERCEPTIN should be used in 
patients whose tumors have been evaluated with an assay validated to predict HER2 protein 
overexpression (see PRECAUTIONS: HER2 Testing and CLINICAL STUDIES' HER2 Detection). 

CONTRAINDICATIONS 

None known. 

WARNINGS 
Cardlotoxlclty: 

Signs and symptoms of cardiac dysfunction, such as dyspnea, Increased cough, paroxysmal 
nocturnal dyspnea, peripheral edema. Si gallop, or reduced ejection fraction, have been observed 
in patients treated with HERCEPTIN. Congestive heart failure associated with HERCEPTIN therapy 
may be severe and has been associated with disabling cardiac failure, death, and mural thrombosis 
leading to stroke (see BOXED WARNINGS: CARDIOMYOPATHY). The cSnica) status of patients in 
the trials who developed congestive heart failure was classified for severity using the New York 
Heart Association classification system (HIV. where IV Is the most severe level of cardiac failure). 
(See Table 3.) 

Table 3 

Incidence and Severity of Cardiac Dysfunction 





HERCEPTIN* 
atone 
o»213 


HERCEPTIN 
♦ Pacta* 
n=91 


PacfitaxeP 
n=95 


HERCEPTIN 
♦ Arrthncydine 
♦ cyclophosphamide* 
n=143 


Anthracycfine ♦ 
cyclophosphamide* 
nsl35 


Any Cardiac 
Dysfunction 

Class lll-IV 


7% 
5% 


11% 
4% 


1% 
1% 


28% 
19% 


7% 
3% 



'Open-label, single-agent Phase II study (94% received prior anthracyefines). 
•Randomized Phase HI study comparing chemotherapy plus HERCEPTIN to chemotherapy alone, 
where chemotherapy Is either anmrecycline/cydophosphamlde or pacfitaxeJ. 

Candidates for treatment with HERCEPTIN should undergo thorough baseline cardiac assessment 
including history and physical exam and one or more of the following: EKG, echocardiogram, and 
MUGA scan. There are no data regarding the most appropriate method of evaluation for the 
identification of patients at risk for developing cardiotoxlaty. Monitoring may not identify a9 
patients who will develop cardiac dysfunction. 
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Extreme caution should be exercised in treating patients with pre-existing cardiac dysfunction. 
Patients receiving HERCEPTIN should undergo frequent monitoring for deteriorating cardiac function. 
The probability of cardiac dysfunction was highest in patients who received HERCEPTIN 
concurrently with anthracyefines. The data suggest that advanced age may increase the probability 
ol cardiac dysfunction. 



Pre-existing cardiac disease or prior cardiotoxic therapy {eg., anthracycfine or radiation therapy to 
the chest) may decrease the ability to tolerate HERCEPTIN therapy, however, the data are not 
adequate to evaluate the correlation between HERCEPTlN-induced cardlotoxfcity and these factors. 



Discontinuation of HERCEPTIN therapy should be strongly considered in patients who develop 
clinically significant congestive heart failure. In the clinical trials, most patients with cardiac 
dysfunction responded to appropriate medical therapy often including discontinuation of 
HERCEPTIN. The safety of continuation or resumption of HERCEPTIN in patients who have 
previously experienced cardiac toxicity has not been studied. There are insufficient data regarding 
discontinuation of HERCEPTIN therapy in patients with asymptomatic decreases in ejection 
fraction; such patients should be closely monitored for evidence of clinical deterioration. 

HypersensltlviTy Reactions tntludlng Anaphvlazis: 

Severe hypersensitivity reactions have been infrequently reported in patients treated with HERCEPTIN 
(see BOXED WARNINGS: HYPERSENSITIVITY REACTIONS INCLUDING ANAPHYLAXIS). Signs and 
symptoms include anaphylaxis, urticaria, bronchospasm, angicedema, and/or hypotension. In some 
cases, the reactions nave been fatal. The onset of symptoms generally occurred during an infusion, 
but there have also been reports of symptom onset after the completion of an infusion. Reactions 
were most commonly reported in association with the initial infusion. 
HERCEPTIN infusion should be interrupted in all patients with severe hypersensitivity 
reactions. In the event ol a hypersensitivity reaction, appropriate medial therapy should be 
administered, which may Include epinephrine, corticosteroids, diphenhydramine, biorichodtetors, 
and oxygen. Patients should be evaluated and carefully monitored unto complete resolution of 
signs and symptoms. 

There are no data regarding the most appropriate method of identification of patients who may 
safely be retreated with HERCEPTIN after experiencing a severe hypersensitivity reaction. 
HERCEPTIN has been readministered to some patients who fully recovered from a previous severe 
reaction. Prior to readmlnfstration of HERCEPTIN, the majority of these patients were 
proptrylacDcalry treated with pre-medications including antihistamines and/or corticosteroids. 
While some of these patients tolerated retreatment, others had severe reactions again despite the 
use of prophylactic pre-medications. 

hi fusion Reactions: 

In the postrrateting setting, rare occurrences cl severe Infusion reactions leadlna to a tatal outcome 
have been associated with the use of HERCEPTIN. (See BOXED WARNINGS: INFUSION REACTIONS.) 

In dinical trials, Infusion reactions consisted of a symptom complex characterized by fever and 
chills, and on occasion included nausea, vomiting, pain (In some cases at tumor sites), headache, 
dizziness, dyspnea, hypotension, rash, and asthenia. These reactions were usually mild to 
moderate in severity. (See ADVERSE REACTIONS.) 

However, In postmarketing reports, more severe adverse reactions to HERCEPTIN infusion were 
observed and included bronchospasm, hypoxia, and severe hypotension. These severe reactions 
were usually associated with the initial Infusion of HERCEPTIN and generally occurred during or 
immediately following the Infusion. However, the onset and clinical course were variable. For some 
patterns, symptoms progressively worsened and led to further pulmonary complications. (See 
WARNINGS: Pulmonary Events.) In other patients with acute onset of signs and symptoms, Initial 
improvement was followed by clinical deterioration. Delayed post-infusion events with rapid 
cGnical deterioration have also been reported. Rarely, severe infusion reactions culminated in death 
within hours or up to one week following an infusion. 

Some severe reactions have been treated successfully with interruption of the HERCEPTIN infusion 
and supportive therapy including oxygen, intravenous fluids, beta-agonists, and corticosteroids. 
Trierearenooatareo^nfingttKmostappTC^r^ rnetfiod of Idefrtifteatror of patients wtw may safety 
be retreated with HERCEPTIN after experiencing a severe infusion reaction. HERCEPTIN has been 
readministered to some patients who fubV recovered from the previous severe reaction. Prior to 
readminlstration of HERCEPTIN, the majority ol ttesa patents were praprrytactolty treated witft pre- 
medications including antihistamines and/or corticosteroids. While some of these patients tolerated 
retreatment, others had severe reactions again despite the use of proptrytactic pre-meolcatjcns. 

Pulmonary Events: m 

Severe pulmonary events leading to death have been reported rarely with the use of HERCEPTIN 
in the postmarketing setting. Signs, symptoms and clinical findings include dyspnea, pulmonary 
Infiltrates, pleural effusions, non-cardtopente pulmonary edema, pulmonary InsimTctency and 
hypoxia, and acute respiratory distress syndrome. These events may or may not occur as sequelae 
of infusion reactions. (See WARNINGS: Infusion Reactions.) Patients with symptomatic intrinsic 
lung disease or with extensive tumor Involvement of the lungs, resulting in dyspnea at rest, may 
be at greater risk of severe reactions. 

Other severe events reported rarefy In the postmarketing setting include pneumonitis and 
pulmonary fibrosis. 

PRECAUTIONS 
General: 

HERCEPTIN therapy should be used with caution in patients with known hypersensitivity to 
Trastuzumab. Chinese Hamster Ovary ceo proteins, or any component of this product 

HBTC Testing: 

Assessment for KER2 overexpression should be performed by laboratories with demonstrated 
proficiency in the specific technology being utilized. Improper assay performance, including use of 
suboptlmaDy fixed tissue, failure to utilize specified reagents, deviation from specific assay 
instructions, and failure to include appropriate controls for assay validation, can lead to unreliable 
results. Refer to the HercepTest" and PathVysion* package inserts for full Instructions on assay 
performance (see CLINICAL STUDIES: HER2 Detection). 

Drug Interactions: 

There have been no formal drug interaction studies performed with HERCEPTIN in humans. 
Administration of pacfitaxei in combination with HERCEPTIN resulted in a two-fold decrease in 
HERCEPTIN clearance in a non-human primate study and in a 1.5-fold increase in HERCEPTIN 
serum levels in clinical studies. (See PHARMACOKlNtTKS.) 

Benzyl Alcohol: . _ 

For patients with a known hypersensItMtyto benzyl alcohol (the preservative in Bacteriostatic 
Water for Injection) reconstitute HERCEPTIN with Sterile Water for Injection (SWFI). USR 
DISCARD THESWFI-RECONSTITUTED HERCEPTIN VIAL FOLLOWING A SINGLE USE 

Carcinogenesis, Mutagenesis. Impairment of Fertility: 



Carcinogenesis: 
HERCEPTIN nasi 



not been tested for its carcinogenic potential. 



Mutagenesis: , _ a 

No evidence of mutagenic activity was observed In Ames tests using six different test strains of 
bacteria, with and without metabolic activation, at concentrations of up to 5000 ug/mL Trastuzumab. 
Human peripheral blood lymphocytes treated in vitm at concentrations of up to 5000 update 
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HER2 Gene Amplification Detection Methods 

As a surrogate lor protein overexpression, measurement of the number ol HER2 gene copies using 
FISH to detect gene amplification may be employed. An exploratory, retrospective assessment ol 
known CTA 2* or 3+ tumor specimens was performed to detect HER2 gene amplification usino 
PathVysion", a RSH assay. Data from this retrospective analysis involving 660 of 691 (96%) 
patients enrolled in the clinical studies (all scoring 2* or 3+ by the CTA) suggested that the 
beneficial treatment effects were greater in patients whose tumors tested as RSH (♦) than in those 
that were FISH {-); however, time to progression was prolonged for patients on the HERCEPTIN 
arm, regardless of the FISH result (see Table 2). In the single arm study ol HERCEPTIN as a single 
agent, the overall response rate in patients whose tumors tested as RSH (♦) was 20%, while in 
those tested as FISH (•), there were no responses. 

These data are not sufficient to conclude whether RSH testing can distinguish a subpopulation of 
CTA 2* patients who would be unlikely to benefit from HERCEPTIN therapy. In addition, there are 
no data correlating clinical outcome with RSH test results for patients with tumors that scored as 
0 or U by CTA; therefore, conclusions regarding the usefulness of FISH in the general population 
cannot be made. 

Table 2 

Treatment Effect versus Level of HER2 Expression 
Phase 111 Randomized Trial (N - 469): 
HERCEPTIN Plus Chemotherapy versus Chemotherapy 



HER2 Assay 
Result 


Number of 
PattentsfN) 


Relative Risk" 
for Time to Disease 
Progression (95% Q) 


Relative Risk** 
tor Mortality 
(95% CI) 


CTA2f or 3+ 
HSH(*)* 
FtSHH* 


469 
325 
126 


0.49(0.40,0.61) 
0.44(0.34,0.57) 
0.62 {0,42, 0.94) 


0.80(0.64,1.00) 
0.70(0.53,031) 
1.06(0.70,1.63) 


CTA 2* 
RSH (4) 
RSH(-) 


120 
32 
83 


0.76(050,1.15) 
0.54(0.21.1.35) 
0.77(0.48.1.25) 


1.26(0.82.1.94) 
1.31(0.53.3.27) 
1.11(0.68.1.82) 


CTA 3* 
RSH(t) 
FISH-) 


349 
293 
43 


0.42(0.33.0.54) 
0.42(0.32,055) 
0.43(020.0.94) 


0.70(0.51.033) 
0.67(0.51,0*9) 
0.88(0.39.1.98) 



•HSH testing results were available for 451 of the 469 patients enrolled on study. 
"The relative risk represents the risk of progression or death in the HERCEPTIN plus 
chemotherapy arm versus the chemotherapy arm. 

HER2 Assay Concordance Studies ' 
(See PRECAUTIONS: HER2 Testing) 

Immuriohistoctmistry: The DAKO HercepTesT. an IHC test tor detecting HER2 protein 
overexpression, has not been directly studied for its ability to predict HERCEPTIN treatment effect, 
but has been compared to the CTA on over 500 breast cancer histology specimens obtained from the 
National Cancer Institute Cooperative Breast Cancer Tissue Resource. Based upon these results, of 
specimens testing 3+ (strongly positive) on the HercepTesT, 82% were 3+ (i.e., the reading most 
associated with clinical benefit), 12% were 2*. and 6% were 0 or n on the CTA. The 6% of 
HercepTesT 3+ s|)ecimens that were CTA 0 or U would to expected to rejm^rt 
population. 01 specimens testing 2+JweaMy positive) on the HercepTesT, 14% were 3* , 20% were 
2+, and 66% were 0 or 1+ on the CTA. Of specimens testing 0 or t ♦ on the HercepTesT, 2% were 
3*. 6% were 2*. and 92% were 0 or U on the CTA. 

Fluorescence In situ Hybridization: The Vysis PathVystaT HER2 DNA Probe, a FISH test for 
detecting HER2 gene amplification, was compared with the CTA on over 500 breast cancer 
histology specimens orfgmafly submitted for potential enrollment in the HERCEPTIN trials. A 
HER2:CtP17 ratio of *2 was defined as RSH positive (4). Based on these results, ot specimens 
testing FISH {♦) by PathVysion", 81% were 3t. 10% were 2*. and 9% were 0 or U on the CTA. 
The 9% of RSH (4) specimens that were CTA 0 or U would be expected to represent 3% of the 
total CTAO or U population. Of specimens testing RSH (-) by PathVysion", 3% were 3+. 10% were 
24. and 67% were 0 or U on the CTA. 
INDICATIONS AND USAGE 

HERCEPTIN as a single agent is indicated for the treatment of patients with metastatic breast cancer 
whose tumors overexpress the HER2 protein and who have received one or more chemotherapy 
regimens for their metastatic disease. HERCEPTIN in combination with paditaxei is indicated for 
treatment of patients with metastatic breast cancer whose tumors overexpress the HER2 protein and 
who have not received chemotherapy for their metastatic disease. HERCEPTIN should be used in 
patients whose tumors have been evaluated with an assay validated to predict HER2 protein 
overexpression (see PRECAUTIONS: HER2 Testing and CLINICAL STUDIES: HER2 Detection). 

CONTRAINDICATIONS 

None known. 

WARNINGS 

CanOotoxIdtf 

Signs and symptoms of cardiac dysfunction, such as dyspnea, increased cough, paroxysmal 
nocturnal dyspnea, peripheral edema, §» gallop, or reduced ejection fraction, have been observed 
in patients treated with HERCEPTIN. Congestive heart failure associated with HERCEPTIN therapy 
may be severe and has been associated with disabling cardiac failure, death, and mural thrombosis 
leading to stroke (see BOXED WARNINGS: CARDIOMYOPATHY). The clinical status of patients in 
the trials who developed congestive heart failure was classified for severity using the New York 
Heart Association classification system 0*rv, where IV is the most severe level of cardiac failure). 
(See Table 3.) 

Tabled 

Incidence and Severity of Cardiac Dysfunction 





HERCEPTIN 1 
alone 
n*213 


HERCEPTIN 
♦ PaditaxeP 
n=91 


PacfitaxeP 
n=95 


HERCEPTIN 
♦Arrtluacycfine 
4 cyclophosphamide* 
n=143 


Anthracycfine* 
cyctoptosphamfda* 
n=135 ! 


Any Cardiac 
Dysfunction 

Class lll-IV 


7% 
5% 


11% 
4% 


1% 
1% 


28% 
19% 


7% 
3% 



0 chemotherapy alone, 



where chemotherapy is either anmrai^cfine/cyclophosphamide or pacfitaxeJ. 

Candidates for treatment with HERCEPTIN should undergo thorough baseline cardiac assessment 
including history and physical exam and one or more of the following: EKG, echocardiogram, and 
MUGA scan. There are no data regarding the most appropriate method of evaluation for the 
identification of patients at risk for developing cardiotoxioty. Monitoring may not identify afl 
patients who win develop cardiac dysfunction. 



HERCEPTIN* (Trastuzumab) 

Extreme caution should be exercised in treating patients with pre-existing cardiac dysfunction. 
Patients receiving HERCEPTIN should undergo frequent monitoring for deteriorating cardiac function. 
The probability of cardiac dysfunction was highest in patients who received HERCEPTIN 
concurrently with anthracycliiies. The data suggest that advanced age may increase the probability 
of cardiac dysfunction. 

Pre-existing cardiac disease or prior cardiotoxic tterapy (e.g., anthracycline or radiation therapy to 
the chest) may decrease the ability to tolerate HERCEPTIN therapy; however, the data are not 
adequate to evaluate the correlation between HERCEPTirfinduced cardiotoxioty and these factors. 

Discontinuation ol HERCEPTIN therapy should be strongly considered in patients who develop 
clinically significant congestive heart failure. In the clinical trials, most patients with cardiac 
dysfunction responded to appropriate medical therapy often including discontinuation of 
HERCEPTIN. The safety of continuation or resumption of HERCEPTIN in patients who have 
previously experienced cardiac toxicity has not been studied. There are insufficient data regarding 
discontinuation of HERCEPTIN therapy in patients with asymptomatic decreases in ejection 
fraction; such patients should be closely monitored for evidence of clinical deterioration. 

Hypersensrilvlty Reattlow Including Anaphylaxis: J ^ urnoraTf ., 

Severe hypersensitivity reactions have been ^frequently reported in patients treated with HERCEPTIN 
(see BOXED WARNINGS: HYPERSENSITIVITY REACTIONS INCLUDING ANAPHYLAXIS). Signs and 
symptoms include anaphylaxis, urticaria, bronchospasm, angioedema, and/or hypotension. In some 
cases, the reactions have been fatal. The onset of symptoms generally occurred during an Infusion, 
but there have also been reports of symptom onset after the completion of an infusion. Reactions 
were most commonly reported In association with the initial infusion. 
HERCEPTIN infusion should be Interrupted in all patients with severe hypersensitivity 
reactions. In the event ot a hypersensitivity reaction, appropriate medical therapy should be 
administered, which may Include epinephrine, caticcsteroids, diphenhydramine, bronchodtoors, 
and oxygen. Patients should be evaluated and carefully monitored until complete resolution of 
signs and symptoms. 

There are no data regarding the most appropriate method of identification of patients who may 
safely be retreated with HERCEPTIN after experiencing a severe hypersensitivity reaction. 
HERCEPTIN has been readminbtered to somepatients who fully recovered from a previous severe 
reaction. Prior to readministration of HERCEPTIN, the majority of these patients were 
prophyjactically treated with premedications including antihistamines and/Or corticosteroids. 
While some of these patients tolerated retreatment, others had severe reactions again despite the 
use of prophylactic premedications. 

Infusion Reactions: 

In the postmarketing setting, rare occurrences of severe infusion reactions leading tea fatal jpurcome 
have been associated with the use of HERCEPTIN. (See BOXED WARNINGS: INFUSION REACTIONS.) 

In clinical trials, infusion reactions consisted of a symptom complex characterized by fever and 
chills, and on occasion included nausea, vomiting, pain (In some cases at tumor sites), headache, 
dizziness, dyspnea, hypotension, rash, and asthenia. These reactions were usually mild to 
moderate '« severity. (See ADVERSE REACTIONS.) 

However, In postmarteung reports, more severe adverse reactions to HERCEPTIN infusion iwere 
observed and included bronchospasm, hypoxia, and severe hypotension. These severe reactions 
were usually associated with the initial Infusion of HERCEPTIN and generally occurred during or 
immediately following the infusion. However, the onset and clinical course were variable. For some 
patients, symptoms progressively worsened and ted to further pulmonary complications. (See 
WARNINGS: Pulmonary Events.) in other patients with acute onset of signs and symptoms, initial 
improvement was followed by clinical deterioration. Delayed posKnfusion events witJi rapid 
clinical deterioration have also been reported. Rarely, severe infusion reactions culminated in death 
within hours or up to one week following an infusion. 

Some severe reactions have been treated successfully with interruption of the HERCEPTIN Infusion 
and supportive therapy including oxygen, intravenous fluids, beta-agonists, and corticosteroids. 

There are no data reganfopthe most appropriate method of Identifteatron of patients wtw may safeV 
be retreated with H&CEPTIN after experiencing a severe infusion reaction. HERCEPTIN has been 
readminlstered to some patients who fuBy recovered from the previous severe reaction. Prior to 
readministration of HffiCEPTlN. the majority of these patients were prophybctically treated with pre- 
medlcations including antihistamines and/or corticosteroids. While some of these patients tolerated 
retreatrnent, others tad severe reactions again despite the use of pfophytactx r^nedxations. 

Pulmonary Events: 

Severe pufimonary events leading to death have been reported rarefy with the use ot HERCEPTIN 
In the postmarketing setting. Signs, symptoms and clinical findings include dyspnea, pulmonary 
Infiltrates, pleural effusions, ncfrcardiogenic pulmonary edema, pulmonary insufficiency and 
hypoxia, and acute respiratory distress syndrome. These events may or may not occur as sequebe 
of infusion reactions. (See WARNINGS: Infusion Reactions.) Patients with symptomatic mtnrrsfc 
lung disease or with extensive tumor involvement of the lungs, resulting In dyspnea at rest, may 
be at greater risk of severe reactions. 

Other severe events reported rarely in the postmarketing setting include pneumonitis and 
pulmonary fibrosis 

PRECAUTIONS 

General: 

HERCEPTIN therapy should be used with caution in patients with known hypersensitivity to 
Trastuzumab, Chinese Hamster Ovary cell proteins, or any component of this product 

HEH2 Testing: 

Assessment for HER2 overexpression should be performed by laboratories with demonstrated 
proficiency in the specific technology being utilized, improper assay performance, Including use of 
suboptimafly fixed tissue, failure to utilize specified reagents, deviation from spec tic assay 
Instructions, and failure to include appropriate controls for assay validation, can lead to unreliable 
results. Refer to the HercepTest" and PathVysion" package inserts tor full instructions on assay 
performance (see CLINICAL STUDIES: HER2 Detection). 

Drug Interactions: 

There have been no formal drug interaction studies performed with HERCEPTIN in humans. 
Administration of paclitaxe! in combination with HERCEPTIN resulted In a two-fold dscrease in 
HERCEPTIN clearance in a non-human primate studyand in a I.M0W increase In HERCEPTIN 
serum levels in clinical studies. (See PHARMACOKINETICS.) 

r^piSff with a known hyperserisltivity to benzyl alcohol (the preserative in J^ertostatic 
Water for Injection) recompute HERCEPTIN wiK Sterile Water for Injetfion (SWFI), USP. 
DISCARD THtSwM-RECONSTITUTED HERCEPTIN VIAL FOU0WING A SINGLE USE. 

Carcinogenesis, Mutagenesis. Impairment of Fertility: 

Carcinogenesis: 

HERCEPTIN has not been tested for Its carcinogenic potential. 
Mutagenesis: 

No evidence of mutagenic activity was observed In Ames tests using six different test strains of 
bacteria, with and without metabolic activation, at concentrations of up to 5000 utfmL T^uzumab. 
Human peripheral blood lymphocytes treated In vitro 2\ concentrations of up to 5000 ug/pJate 
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Trastuzumab, with and without metabolic activation, revealed no evidence of mutagenic potential. In 
zninviYO mutagenic assay (the micronucteus assay), no evidence of chromosomal damage to mouse 
bone marrow ceBs was observed following bolus intravenous doses ol up to 1 18 mo/kg Trastuzumab. 

Impairment of Fertility: 

A fertility study has been conducted in female cynomolQits monkeys at doses up to 25 times the weeWy 
human maintenance dose of 2 mg/kg HERCEOTIN and has revealed no evidence of Impaired fertility. 

Pregnancy Category B: 

Reproduction studies have been conducted in cynomolgus monkeys at doses up to 25 times the 
weekly human maintenance dose of 2 mg/kg HERCEFTIN and have revealed no evidence of 
impaired fertility or harm to the fetus. However, HER2 protein expression is high in many 
embryonic tissues including cardiac and neural tissues; in mutant mice tacking HER2, embryos 
died tn earty gestation. 11 Racental transfer of HERCEPTIN during the early (Days 20-50 of 
gestation) and late (Days 120-150 of gestation) fetal development period was observed in 
monkeys. There are, however, no adequate and well-controlled studies in pregnant women. 
Because animal reproduction studies are not always predictive of human response, this drug 
should be used during pregnancy only il clearly needed. 

Nursing Mo there 

A study conducted in lactating cynomolgus monkeys at doses 25 limes the weekly human 
maintenance dose of 2 mg/kg HERCEPTIN demonstrated that Trastuzumab is secreted in the milk. 
The presence of Trastuzumab In the serum of infant monkeys was not associated with any adverse 
effects on their growth or development from birth to 3 months of age. It is not known whether 
HERCEPTIN is excreted in human milk. Because human IgG is excreted m human milk, and the 
potential tor absorption and ham) to the infant is unknown, women should be advised to discontinue 
nursing during HERCEPTIN therapy and for 6 months after the last dose of HERCEPTIN. 

Pediatric Use: 

The safety and effectiveness of HERCEPTIN in pediatric patents have not been established. 

Geriatric Use: _ , , 

HERCEPTIN has been administered to 133 patients who were 65 years of age or over. The risk of 
cardiac dysfunction may be increased in geriatric patients. The reported clinical experience is not 
adequate to determine whether older patients respond differently from younger patients. 

ADVERSE REACTIONS 

In dinicai studies, a total of 958 patients have received HERCEPTIN alone or in combination with 
chemotherapy. Data in Table 4 are based on the experience with the recommended dosing regimen 
for HERCEPTIN in the randomized controlled cOnical trial in 234 patients who received HERCEPTIN 
In combination with chemotherapy and four operHabd studies of HERCEPTIN as a single agent in 
352 patients at doses of 10-500 mg administered weekfy. 

Cardiac FalhireyDysftrnttloK 

For a description of cardiac toxicities, see BOXED WARNINGS: CARDIOMYOPATHY and 
WARNINGS: Cardiotoodcity. 

Anemia and Leukopenia: 

An increased incidence of anemia and leukopenia was observed in the treatment group receiving 
HERCEPTIN and chemotherapy, especially in the HERCEPTIN and AC subgroup, compared with the 
treatment group receiving chemotherapy alone. The majority of these cytopenic events were mild or 
moderate m intensity, reversible, and none resulted in discontinuation of therapy with HERCEPTIN. 

Hematologic toxicity is Infrequent following the administration of HERCEPTIN as a single agent, 
with an incidence of Grade III toxtctrJes for WBC, platelets, hemoglobin aO <1%. No Grade IV 
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Table 4 

Adverse Events Occurring in * 5% of Patients or at 
Increased Incidence in the HERCEPTIN Arm ol the Randomized Study 
(Percent of Patients) 



Diarrhea: 

Of patients treated with HERCEPTIN as a single agent, 25% experienced diarrhea. An Increased 
incidence of diarrhea, primarily mild to moderate in severity, was observed in patients receiving 
HERCEPTIN in combination with chemotherapy. 



An increased incidence of infections, primarily mfld upper respiratory Infections of minor clinical 
significance or catheter Infections, was observed In patients receiving HERCEPTIN Ij 
with chemotherapy. 

Infusion Reactions: 

During the first infusion with HERCEPTIN, a symptom complex most commonly consisting of chills 

and/or fever was obr ~* — •- — .. ... 

mild to moderate i 
meperidine (with i 

discontinuation was infrequent Other signs and/or symptoms may include nausea,' vomiting, pain 
fin some cases at tumor sites), rigors, headache, dizziness, dyspnea, hypotension, rash and 
asthenia. The symptoms occurred infrequently with subsequent HERCEPTIN infusions. (See 
BOXED WARNINGS: INFUSION REACTIONS and WARNINGS: Infusion Reactions.) 

Additional adverse reactions have been identified during postmarketing use of HERCEPTIN. 
Because these reactions are reported voluntarily from a population of uncertain size, it Is not 
always possible to reliably estimate their frequency or establish a causal relationship to 
HERCEPTIN exposure. Decisions to Include these reactions m labeling are typically based on one 
or more of the following factors: (1) seriousness ol the reaction, (2) frequency of reporting, or (3) 
strength of causal connection to HERCEPTIN. 

HynerxeniliMy Reactions Including Anaphylaxis 
Pulmonary Events: 

In the postmarketing setting, severe hypersensitMty reactions (including anaphylaxis), infusion 
reactions, and pulmonary adverse events have been reported (see BOXu) WARNINGS: 
HYPERSENSITIVITY REACTIONS INCLUDING ANAPHYLAXIS and WARNINGS: Hypersensitivity 
Reactions Including Anaphylaxis). These events include anaptryfaxis. angioedema, bronchospasm, 
hypotension, hypoxia, dyspnea, pulmonary infiltrates, pleural effusions, non-cardk«enic pulmonary 
edema and acute respiratory distress syndrome. For a detailed description, see WARNINGS. 

Glomerulopathy: 

In the postmarketing setting, rare cases of nephrotic syndrome with pathologic evidence of 
glomerulopathy have been reported. The time to onset ranged from 4 months to approximately 18 
months from initiation of HERCEPTIN therapy. Pathologic findings included membranous 
glomerulonephritis, focal glomerulosclerosis and fibrillary glomenj 
included volume overload and congestive heart failure. 
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HERCEPTIN* (Trastuzumab) 

Trastuzumab, with and without metabolic activation, revested no evidence of mutagenic potential, bi 
an in vivo mutagenic assay (the micronucteus assay), no evidence of chromosomal damage to mouse 
bone marrow ceBs was observed following bolus intravenous doses of up to 1 18 mg/kg Trastuzumab. 

Impairment of Fertility. 
A fertfliry study has been conducted in female 
human maintenance dose ol 2 mg/kg HI" 0 ™" 



HERCEPTIN* (Trastuzumab) 



Table 4 

Adverse Events Occurring in *5% of Patients or at 
Increased Incidence in the HERCEPTIN Arm ot the Randomized Study 
(Percent of Patients) 




Pregnancy Category B: 

Reproduction studies have been conducted In cynomolqus monkeys at doses up to 25 times the 
weekly human maintenance dose of 2 mo/kg HERCEPTIN and have revealed no evidence ol 
impaired fertility or harm to the fetus. However, HER2 protein expression is high in many 
embryonic tissues including cardiac and neural tissues; in mutant mice tacking HER2, embryos 
died m early gestation.'' Placental transfer of HERCEPTIN during the earfo (Days 20-50 ot 
gestation) and late (Days 120-150 of gestation) fetal development period was observed in 
monkeys. There are, however, no adequate and well-controlled studies In pregnant women. 
Because animal reproduction studies are not always predictive of human response, this drug 
should be used during pregnancy only if dearly needed. 

Nursing Mothers: 

A study conducted in bctating cyromolgus monkeys at doses 25 times the weekly human 
maintenance dose of 2 mg/kg HERCEPTIN demonstrated that Trastuzumab is secreted in the milk. 
The presence of Trastuzumab in the serum of infant monkeys was not associated with any adverse 
effects on their growth or development from birth to 3 months of age. It is not known whether 
HERCEPTIN is excreted in human milk. Because human IgG is excreted in human milk, and the 
potential tor absorption and harm to the infant is unknown, women should be advised to discontinue 
nursing during HERCEPTIN therapy and for 6 months after the last dose of HERCEPTIN. 

Pediatric Use: 

The safety and effectiveness of HERCEPTIN in pediatric patients have not been established. 
Geriatric Use: 

HERCEPTIN has been administered to 133 patients who were 65 years of age or over. The risk of 
cardiac dysfunction may be increased in geriatric patients. The reported clinical experience is not 
adequate to determine whether older patients respond differently from younger patients. 

ADVERSE REACTIONS 

In clinical studies, a total of 958 patients have received HERCEPTIN alone or in combination with 
chemotherapy. Data in Table 4 are based on the experience with the recommended dosing regimen 
(or HERCEPTIN In the randomized controlled cQnical trial in 234 patients who received HERCEPTIN 
In combination with chemotherapy and four open-label studies ot HERCEPTIN as a single agent in 
352 patients at doses of 10-500 mg administered weekly. 

Cardiac Fillure/DystoncUoa: 

For a description ol cardiac toxicities, see BOXED WARNINGS: CARDIOMYOPATHY and 
WARNINGS: Cartiotadcity, 

Anemia and Leukopenia: 

An increased Incidence of anemia and leukopenia was observed in the treatment group receiving 
HERCEPTIN and chemotherapy, especially In the HERCEPTIN and AC subgroup, compared with the 
treatment group receiving chemotherapy alone. The majority of these cytopenic events were mild or 
moderate tn intensity, reversible, and none resulted in discontinuation of therapy with HERCEPTIN. 

Hematologic toxicity is Infrequent following the administration of HERCEPTIN as a single agent, 
with an incidence of Grade 111 toxicities tor WBC. platelets, hemoglobin aQ <1%. No Grade IV 
toxicities were observed. 

Diarrhea: 

Of patients treated with HERCEPTIN as a single agent, 25% experienced diarrhea. An Increased 
Incidence of diarrhea, primarily mild to moderate in severity, was observed in patients receiving 
HERCEPTIN in combination « 



An increased incidence of infections, primarily mild upper respiratory infections of minor clinical 
significance or catheter infections, was observed in patients receiving HERCEPTIN In combination 
with chemotherapy. 

Infusion Reactions: 

During the first infusion with HERCEPTIN, a symptom complex most commonly consisting of chills 
and/or fever was observed In about 40% of patients in dinJcal trials. The symptoms were usually 
mild to moderate in severity and were treated with acetaminophen, diphenhydramine, and 
meperidine (wtth or without reduction in the rate of HERCEPTIN Infusion). HERCEPTIN 
discontinuation was infrequent Other signs and/or symptoms may include nausea, vomiting, pain 
(in some cases at tumor sites), rigors, headache, dizziness, dyspnea, hypotension, rash and 
asthenia. The symptoms occurred infrequently with subsequent HERCEPTIN infusions. (See 
BOXED WARNINGS: INFUSION REACTIONS and WARNINGS: Infusion Reactions.) 

Additional adverse reactions have been Identified during postmarketing use of HERCEPTIN. 
Because these reactions are reported voluntarily from a population of uncertain size, it is not 
always possible to reliably estimate their frequency or establish a causal relationship to 
HERCEPTIN exposure. Decisions to include these reactions in labeling are typically based on one 
or more of the following factors: (1) seriousness of the reaction, (2) frequency of reporting, or (3) 
strength ot causal connection to HERCEPTIN. 

Hypeitentlthrfty Reactions metaling Anaphylaxis 
Pulmonary Events 

In the postmarketing setting, severe hypersensitivity reactions (including anaphylaxis), infusion 
reactions, and pulmonary adverse events have been reported (see BOXH) WARNINGS: 
HYPERSENSITIVITY REACTIONS INCLUDING ANAPHYLAXIS and WARNINGS: Hypersensitivity 
Reactions Including Anaphylaxis). These events include anaphylaxis, angtoedema, bronchospasm, 
hypotension, hypoxia, dyspnea, pulmonary infiltrates, pleural effusions, non<ardiogenic pulmonary 
edema and acute respiratory distress syndrome. For a detailed description, see WARNINGS. 

Glomerulopathy: 

In the postmarketing setting, rare cases of nephrotic syndrome with pathologic evidence of 
glomerulopathy have been reported. The time to onset ranged from 4 months to approximately 18 
months from initiation of HERCEPTIN therapy. Pathologic findings included membranous 
glomerulonephritis, focal glomerulosclerosis and fibrillary glomerulonephritis. Complications 
included volume overload and congestive heart failure. 
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HERCEPTIM* (Trasluzumab) 

Other Serious Advene Event* ,^ .. , , . IW 

The following other serious adverse events occurred in at least one of the 958 patients treated with 
HERCEPTIN in clinical studies: 

Rndv as a Mffipjg cellulitis, anaphylactoid reaction, ascites, hydrocepharus. radiation injury, 
deamess. amblyopia 

cardiovascular vascular thrombosis, pericardial effusion, heart arrest hypotension, syncope, 
hemorrhage, shock, a/mythmia 

_ hepatic failure, gastroenteritis, hematernesis, ileus, Intestinal obstruction, colitis, 
lageal ulcer, stomatitis, pancreatitis, hepatitis 



Hematological : pancytopenia, acute leukemia, coagulation disorder, lymphangitis 

Metabolic: hypercalcemia, Hypomagnesemia, hyponatremia, riypoglycemia, growth retardation, 

weight loss 

Musculoskeletal : pathological fractures, bone necrosis, myopathy 
Nervous: convulsion, ataxia, confusion, manic reaction 
Respiratory : apnea, pneumothorax, asthma, hypoxia, laryngitis 
$kin: herpes zoster, skin ulceration 

Urogenital: hydronephrosis, kidney failure, cervical cancer, hematuria, hemorrhagic cystitis, 

pyelonephritis 

rmrntrnogenlciry: 

Of 903 patients who have been evaluated, human anti-human antibody (HAHA) to Trasluzumab 
was detected in one patient, who had no allergic manifestations. 

The data reflect the percentage of patients whose test results were considered positive for antibodies 
to HERCEPTIN in the HAHA assay for Trastuzumab, and are nighty dependent on the sensitivity and 
specificity of the assay. Additionally, the observed incidence of antibody posirjvity in an assay may 
be influenced by several factors including sample handling, timing of sample collection, 
concomitant medications, and underlying disease. For these reasons, comparison of the incidence 
of antibodies to HERCSTIN with the inottence of antibodies to other products may be misleading. 

OVERDOSAGE 

There is no experience with overdosage in human clinical trials. Single doses higher than 500 mg 
have not been tested. 
DOSAGE AND ADMINISTRATION 
Usual Dose 

The recommended initial toatxng dose is 4 m^/kg Trastuaimab administered as a 9CHnirrutB Infusion. 
The recommended weekly maintenance dose is 2 mqAg Trastuzumab and can be administered as a 
30-mJnute infusion if the mibal loading dose was weB tolerated. HERCEPTIN may be administered In 
an outpatient setting. HERCEPTIN is to be diluted In saline for IV infusion. DO NOT ADMINISTER AS 
AN W PUSH OR BOLUS. (See DOSAGE AND ADMINISTRATION: Administration.) 

Preparation lor Admin titration 

The diluent provided has been formulated to maintain the stability and sterility of HERCEPTIN for up 
to 28 days. Other diluents have not been shown to contain effective preservatives for HERCEPTIN. 
Each val of HERCEPTIN should be reconstituted with 20 mL of BWFl. USP, 1.1% benzyl alcohol 
preserved, as supplied, to yield a multi-dose solution containing 21 mg/ml Trastuzumab. 
Immediately upon recortstMon with BWR, the vial of HERCEPTIN must be labeled in the area 
marked "Oo not use after" with the future dat8triatrs28daysfTomtheoateof reconstitute. 

If the patient has known rrypersenstuvity to benzyl alcohol, HERCEPTIN must be reconstituted with 
Sterne Water tor Infection. Se PRECAUTIONS.) HERCEPTIN WHICH HAS BEEN RECONSTITUTED 
WITH SWR MUST BE USED IMMEDIATELY AND ANY UNUSED PORTION DISCARDED. USE OF 
OTHER RECONSTITUTE DILUENTS SHOULD BE AVOIDH). 

Shaking the reconstituted HERCEPTIN or causing excessive foaming during the addition of diluent 
may result in problems with dissolution and the amount of HERCEPTIN that can be withdrawn from 
trie vial 

Use appropriate aseptic technique when performing the following reconstitution steps: 

a. Usino a sterile syringe, slowly inject the 20 mL of diluent Into the vial containing the lyopfiilfeed 
cake of Trastuzumab. The stream of diluent should be directed into the fyophltized cafe. 

b. Swirl the vial gently to aid reconstitution. Trastuzumab may be sensitive to shear-induced stress, 
e.g, agitation or rapid expulsion from a syringe. DO NOT SHAKE. 

c Slight foaming of the product upon reconstitution Is not unusual Allow the vial to stand 
undisturbed for approximately 5 minutes. The solution should be essentially free of visible 
particulates, clear to slightly opalescent and colorless to pale yellow. 
Determine the number of mg of Trastuzumab needed, based on a loading dose of 4 mg 
TrastuzumabAg body weight or a maintenance dose of 2 mg TrastuzumabAg body weight 
Calculate the volume of 21 mg/rnL Trastuzumab solution and withdraw this amount from the vial 
and add it to an infusion bag containing 250 mL of 0.9% Sodium Chloride Injection, USP. 
DEXTROSE (5%) SOLUTION SHOULD NOT BE USED. Gentry invert the bag to mix the solution. The 
reconstituted preparation results in a colorless to pate yellow transparent solution. Parenteral drug 
products should be inspected visually for particulates and discoloration prior to administration. 
No incompat'Mt'es between HERCEPTIN and pcryvlnythloride or r^yettytene bags have been observed 
Administration 

Treatment may be administered in an outpatient setting by administration of a 4 rim 
Trastuzumab loading dose by intravenous (IV) infusion over 90 minutes. DO NOT ADMINISTER 
AN IV PUSH OR BOLUS. Patients should be observed for fever and chills or other infusion- 
associated symptoms. (See BOXED WARNINGS, WARNINGS, and ADVERSE REACTIONS.) If prior 
infusions are welt tolerated, subsequent weekly doses of 2 mg/xg Trastuzumab may be 
administered over 30 minutes. 

HERCEPTIN should not be mixed or diluted with other drags. HERCEPTIN Infusions should not 
be administered or mixed with Dextrose solutions. 

Stability and Storage 

Vials of HERCEPTIN are stable at 2-8*C (3W6*F) prior to reconstitution. Do not use beyond the 
expiration date stamped on the viaL A vial of HERCEPTIN reconstituted with BWFl, as supplied, is 
stable for 28 days after reconstitution when stored refrigerated at 2-6*C (36~46°F), and the 
solution is preserved for multiple use. Discard any remaining multi-dose reconstituted solution 
after 28 days. If unpreserved SWR (not supplied) is used, the reconstituted HERCEPTIN solution 
should be used immediately and any unused portion must be discarded. DO NOT FREEZE 
HERCEPTIN THAT HAS BEEN RECONSTITUTED. 

The solution of HERCEPTIN for Infusion diluted in poryvirrytchtoride or polyethylene bags 
containing 0.9% Sodium Chloride Injection. USP. may be stored at 2-8*C (38-46'F) for up to 
24 hours prior to use. Dfluted HERCEPTIN has been shown to be stable tor up to 24 hours at room 
temperature (2-25'Q. However, since diluted HERCEPTIN contains no effective preservative, the 
reconstituted and diluted solution should be stored refrigerated (2-6°C). 



HERCEPTIN* (Trastuzumab) 
HOW SUPPLIED 

HERCEPTIN is supplied as a tyophilized, sterile powder nominally containing 440 mg Trastuzumab 
per vial under vacuum. 

Each carton contains one vial of 440 mg HERCEPTIN* (Trastuzumab) and one vial containing 
20 mL of Bacteriostatic Water for Injection. USP. 1.1% benzyl aicohoL NDC 50242-134-68. 
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HERCEPTIN* (Trastuzumab) 
Other Serious Adverse Events 

Ttie following other serious adverse events occurred in at feast one of the 958 patients treated with 
HERCEPTIN in clinical studies: 

Bnfly as a Whole : cellulitis, anaphylactoid reaction, ascites, hydrocephalus, radiation injury, 
deafness, amblyopia 

parrttovascular vascular thrombosis, pericardial effusion, heart arrest hypotension, syncope, 
hemorrhage, shock, arrhythmia 

Digestive: hepatic failure, gastroenteritis, hematemesis, ileus, intestinal obstruction, colitis, 
esophageal ulcer, stomatitis, pancreatitis, hepatitis 



Hematological : pancytopenia, acute leukemia, coagulation disorder, lymphangitis 

: hypercalcemia, hypomagnesemia, hyponatremia, hypoglycemia, growth retardation, 



loss 

Musculoskeletal: pathological fractures, bone necrosis, myopathy 
Nervous: convulsion, ataxia, contusion, manic reaction 
Respiratory: apnea, pneumothorax, asthma, hypoxia, laryngitis 
$kin : herpes zoster, skin ulceration 

Urogenital : hydronephrosis, kidney failure, cervical cancer, hematuria, hemorrhagic cystitis, 
pyelonephritis 

Immunegenlcity. 

Of 903 patients who have been evaluated, human anti-human antibody (HAHA) to Trastuzumab 
was detected in one patient, who had no allergic manifestations. 

The data reflect (he percentage of patients whose test results were considered positive for antibodies 
to HERCEPTIN in the HAHA assay for Trastuzumab, and are highly dependent on the sensitivity and 
specificity of the assay. Additionally, the observed Incidence of antibody positfvtty In an assay may 
be influenced by several factors including sample handling, timing of sample collection, 
concomitant medications, and underlying disease. For these reasons, comparison of the incidence 
of antibodies to HERCEPTIN with the Incidence of anfflodies to other products may be misleading. 

OVERDOSAGE 

There is no experience with overdosage in human clinical trials. Single doses higher than 500 mg 
have not been tested. 
DOSAGE AND ADMINISTRATION 
Usual Dose 

The recommended initial loading dose is 4 mg/kg Trastuzumab administered as a 90-rnimjte infusion 
The recommended weekly maintenance dose is 2 rng/kg Trastuzumab and can be administered as a 
30-mimrte infusion if the mibal loading dose was wefl tolerated. HERCEPTIN may be administered In 
an outpatient setting. HERCEPTIN Is to be diluted in saline for IV infusion. DO NOT ADMINISTER AS 
AN W PUSH OR BOLUS. (See DOSAGE AND ADMINISTRATION: Administration) 

Preparation for AdmloEstraUoa 

The diluent provided has been formulated to maintain the stability and sterility of HERCEPTIN for up 
to 28 days. Other diluents have not been shown to contain effective preservatives for HERCEPTIN. 
Each vial of HERCEPTIN should be reconstituted with 20 mi of BWH, USP, 1.1% benzyl alcohol 

K reserved, as supplied, to yield a multi-dose solution containing 21 mg/ml Trastuzumab. 
n mediately upon reconstfojrJon with BWH, the vial of HERCEPTIN must be labeled m the area 
marked Do not use after- with the future date that is 28 days from the data of reconstitution. 

If the patient has known hypersensitivity to benzyl alcohol. HERCEPTIN must be reconstituted with 
Sterile Water for Injection. [See PRECAUTIONS.) HERCEPTIN WHICH HAS BEEN RECONSTITUTED 
WITH SWH MUST BE USED IMMEDIATELY AND ANY UNUSED PORTION DISCARDED. US OF 
OTHER RECONSTITUTE DILUENTS SHOULO BE AVOIDS). 

Shaking the reconstituted HERCEPTIN or causing excessive foaming during the addition of diluent 
may result in problems with dissolution and the amount of HERCEPTIN that can be withdrawn from 
the vial 

Use appropriate aseptic technique when performing the following reconstitution steps: 

a. Using a sterile syringe, slowly inject the 20 mL of diluent Into me vial containing the r/ophlllzed 
cake of Trastuzumab. The stream of diluent should be directed into the lyophiflzed cake. 

b. Swirl the viaJ gently to aid reconstitutJon. Trastuzumab may be sensitive to shear-induced stress, 
e.g. agitation or rapid expulsion from a syringe. DO NOT SHAKE. 

c. Slight foaming of the product upon reconstitution is not unusual Allow the vial to stand 
undisturbed for approximately 5 minutes. The solution should be essentially free of visible 
particulates, clear to slightly opalescent and colorless to pale yellow. 

Determine the number of mg of Trastuzumab needed, based on a loading dose of 4 mg 
TrastuzumabAg body weight or a maintenance dose of 2 mg Trastuzumabftg body weight 
Calculate the volume of 21 mg/mL Trastuzumab solution and withdraw this amount from the vial 
and add it to an infusion bag containing 250 mL of 0.9% Sodium Chloride Injection, USP. 
DEXTROSE (5%) SOLUTION SHOULD NOTBE USED. Gently invert the bag to mix the solution The 
reconstituted preparation results in a colorless to pate yellow transparent solution Parenteral drug 
products should be inspected visually for particulates and discoloration prior to administration. 

Wo incompatibaies between HERCEPTIN and pofyvin^orkte or polyethylene bags re* been otBervel 

Administration 

Treatment may be administered in an outpatient setting by administration of a 4 mg/kg 
Trastuzumab loading dose by intravenous (IV) infusion over 90 minutes. DO NOT ADMINISTER AS 
AN IV PUSH OR BOLUS. Patients should be observed for fever and chills or other infusion- 
associated symptoms. (See BOXED WARNINGS, WARNINGS, and ADVERSE REACTIONS.) If prior 
infusions are well tolerated, subsequent weekly doses of 2 mg/kg Trastuzumab may be 
administered over 30 minutes. 

HERCEPTIN should not be mixed or diluted with other drugs. HERCEPTIN Infusions should not 
be administered or mixed with Dextrose solutions. 

Stability and Storage 

Vials of HERCEPTIN are stable at 2-4*C (36-46*F) prior to reconstitution. Do not use beyond the 
expiration date stamped on the vial A vial of HERCEPTIN reconstituted with BWFI, as supplied, Is 
stable for 28 days after reconstitution when stored refrigerated at 2-8*C (3M6 a F), and the 
solution is preserved for multiple use. Discard any remaining multi-dose reconstituted solution 
after 28 days. If unpreserved SWH (not supplied) is used, the reconstituted HERCEPTIN solution 
should be used immediately and any unused portion must be discarded. DO NOT FREEZE 
HERCEPTIN THAT HAS BEEN RECONSTITUTED. 

The solution of HERCEPTIN for Infusion diluted In polyvinylchloride or polyethylene bags 
containing 0.9% Sodium Chloride Injection, USP, may be stored at 2-8°C (3M6*F) tor up to 
24 hours prior to use. Diluted HERCEPTIN has been shown to be stable for up to 24 hours at room 
temperature (2-25'C). However, since diluted HERCEPTIN contains no effective preservative, the 
reconstituted and diluted solution should be stored refrigerated (2-6*C). 



HERCEPTIN* (Trastuzumab) 
HOW SUPPLIED 

HERCEPTIN is supplied as a ryophilized, sterile powder nominally containing 440 mg Trastuzumab 
per vial under vacuum. 

Each carton contains one vial of 440 mg HERCEPTIN* (Trastuzumab) and one vial containing 
20 mL of Bacteriostatic Water for Injection USP, 1.1% benzyl alcohol. NDC 5024 M 34-68. 
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WARNING 

CARDIOMYOPATHY: 

HERCEPTIN administration can result in the development of ventricular dysfunction and 
congestive heart failure. Left ventricular function should be evaluated in all patients prior to and 
during treatment with HERCEPTIN. Discontinuation of HERCEPTIN treatment should be strongly 
considered in patients who develop a clinically significant decrease in left ventricular function. The 
incidence and severity of cardiac dysfunction was particularly high in patients who received 
HERCEPTIN in combination with anthracyclines and cyclophosphamide. (See WARNINGS.) 



DESCRIPTION 

. HERCEPTIN (Trastuzumab) is a recombinant DNA-derived humanized monoclonal antibody that 
selectively binds with high affinity in a cell-based assay (Kd = 5 nM) to the extracellular domain of 
the human epidermal growth factor receptor 2 protein, HER2.^ The antibody is an IgGj kappa that 

contains human framework regions with the complementarity-determining regions of a murine 
antibody (4D5) that binds to HER2. 

The humanized antibody against HER2 is produced by a mammalian cell (Chinese Hamster Ovary) 
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[CHO] suspension culture in a nutrient medium containing the antibiotic gentamicin. Gentamicin is 
not detectable in the final product. 

HERCEPTIN is a sterile, white to pale yellow, preservative-free lyophilized powder for intravenous 
(IV) administration. The nominal content of each HERCEPTIN vial is 440 mg Trastuzumab, 9.9 mg 
L-histidine HC1, 6.4 mg L-histidine, 400 mg a,ot-trehalose dihydrate, and 1.8 mg polysorbate 20, 
USP. Reconstitution with only 20 mL of the supplied Bacteriostatic Water for Injection (BWFI), 
USP, containing 1.1% benzyl alcohol as a preservative, yields a multi-dose solution containing 21 
mg/mL Trastuzumab, at a pH of approximately 6. 

Return to Table of Contents 

CLINICAL PHARMACOLOGY 

General 

The HER2 (or c-erbB2) proto-oncogene encodes a transmembrane receptor protein of 185 kDa, whict 

is structurally related to the epidermal growth factor receptor.- HER2 protein overexpression is 
observed in 25%-30% of primary breast cancers. HER2 protein overexpression can be determined 

using an immunohistochemistry-based assessment of fixed tumor blocks.- 

Trastuzumab has been shown, in both in vitro assays and in animals, to inhibit the proliferation of 
human tumor cells that overexpress HER2.— 

Trastuzumab is a mediator of antibody-dependent cellular cytotoxicity (ADCC)/^ In vitro, 
HERCEPTIN-mediated ADCC has been shown to be preferentially exerted on HER2 overexpressing 
cancer cells compared with cancer cells that do not overexpress HER2. 

Return to Table of Contents 

Pharmacokinetics 

The pharmacokinetics of Trastuzumab were studied in breast cancer patients with metastatic disease. 
Short duration intravenous infusions of 10 to 500 mg once weekly demonstrated dose-dependent 
pharmacokinetics. Mean half-life increased and clearance decreased with increasing dose level. The 
half-life averaged 1.7 and 12 days at the 10 and 500 mg dose levels, respectively. Trastuzumab's 
volume of distribution was approximately that of serum volume (44 mL/kg). At the highest weekly 
dose studied (500 mg), mean peak serum concentrations were 377 microgram/mL. 

In studies using a loading dose of 4 mg/kg followed by a weekly maintenance dose of 2 mg/kg, a 
mean half-life of 5.8 days (range = 1 to 32 days) was observed. Between Weeks 16 and 32, 
Trastuzumab serum concentrations reached a steady state with a mean trough and peak concentrations 
of approximately 79 microgram/mL and 123 microgram/mL, respectively. 

Detectable concentrations of the circulating extracellular domain of the HER2 receptor (shed antigen) 
are found in the serum of some patients with HER2 overexpressing tumors. Determination of shed 
antigen in baseline serum samples revealed that 64% (286/447) of patients had detectable shed 
antigen, which ranged as high as 1880 ng/mL (median =11 ng/mL). Patients with higher baseline 
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shed antigen levels were more likely to have lower serum trough concentrations. However, with 
weekly dosing, most patients with elevated shed antigen levels achieved target serum concentrations 
of Trastuzumab by Week 6. 

Data suggest that the disposition of Trastuzumab is not altered based on age or serum creatinine (up 
to 2.0 mg/dL). No formal interaction studies have been performed. 

Mean serum trough concentrations of Trastuzumab, when administered in combination with 
paclitaxel, were consistently elevated approximately 1.5-fold as compared with serum concentrations 
of Trastuzumab used in combination with anthracycline plus cyclophosphamide. In primate studies, 
administration of Trastuzumab with paclitaxel resulted in a reduction in Trastuzumab clearance. 
Serum levels of Trastuzumab in combination with cisplatin, doxorubicin or epirubicin plus 
cyclophosphamide did not suggest any interactions; no formal drug interaction studies were 
performed. 

Return to Table of Contents 
CLINICAL STUDIES 

The safety and efficacy of HERCEPTIN were studied in a randomized, controlled clinical trial in 
combination with chemotherapy (469 patients) and an open-label single agent clinical trial (222 
patients). Both trials studied patients with metastatic breast cancer whose tumors overexpress the 
HER2 protein. Patients were eligible if they had 2+ or 3+ levels of overexpression (based on a 0-3+ 
scale) by immunohistochemical assessment of tumor tissue performed by a central testing lab. 

A multicenter, randomized, controlled clinical trial was conducted in 469 patients with metastatic 
breast cancer who had not been previously treated with chemotherapy for metastatic disease. Patients 
were randomized to receive chemotherapy alone or in combination with HERCEPTIN given 
intravenously as a 4 mg/kg loading dose followed by weekly doses of HERCEPTIN at 2 mg/kg. For 
those who had received prior anthracycline therapy in the adjuvant setting, chemotherapy consisted of 
paclitaxel (175 mg/m 2 over 3 hours every 21 days for at least six cycles); for all other patients, 
chemotherapy consisted of anthracycline plus cyclophosphamide (AC: doxorubicin 60 mg/m 2 or 
epirubicin 75 mg/m 2 plus 600 mg/m 2 cyclophosphamide every 21 days for six cycles). Compared 
with patients in the AC subgroups (n = 281), patients in the paclitaxel subgroups (n = 188) were more 
likely to have had the following: poor prognostic factors (premenopausal status, estrogen or 
progesterone receptor negative tumors, positive lymph nodes), prior therapy (adjuvant chemotherapy, 
myeloablative chemotherapy, radiotherapy), and a shorter disease-free interval. 

Compared with patients randomized to chemotherapy alone, the patients randomized to HERCEPTIN 
and chemotherapy experienced a significantly longer median time to disease progression, a higher 
overall response rate (ORR), a longer median duration of response, and a higher one-year survival 
rate. (See Table 1.) These treatment effects were observed both in patients who received 
HERCEPTIN plus paclitaxel and in those who received HERCEPTIN plus AC, however the 
magnitude of the effects was greater in the paclitaxel subgroup. The degree of HER2 overexpression 
was a predictor of treatment effect. (See CLINICAL STUDIES: HER2 protein overexpression, ) 
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Table 1 

Phase III Clinical Efficacy in First-Line Treatment 





Combined Results 


Paclitaxel subgroup 


AC subgroup 


HERCEPTIN 
+ 

All 

Chemotherapy 
(n = 235) * I 


All 

Chemotherapy 
(n = 234) 


HERCEPTIN 
+ 

Paclitaxel 
(n = 92) 


Paclitaxel 
(n = 96) 


HERCEPTIN 

+ 

AC a 
(n=143) 


AC 
(n = 
138) 


Primary Endpoint 


Time to Progression 1 *' c 


Median 
(months) 


7.2 


4.5 


6.7 


2.5 


7.6 


5.7 


95% 
confidence 
interval 


6.9, 8.2 


4.3, 4.9 


5.2, 9.9 


2.0, 4.3 


7.2, 9.1 


4.6, 
7.1 


p-value (log 
rank) 


O.OOOl 


O.OOOl 


0.002 


Secondary Endpoints 


Overall Response Rate 1 * 


Rate 
(percent) 


45 


29 


38 


15 


50 


38 


95% 
confidence 
interval 


39,51 


23, 35 


28, 48 


8, 22 


42, 58 


30, 
46 


p-value (%2- 
test) 


O.001 


<0.001 


0.10 


Duration of Response 1 *' 0 


Median 
(months) 


8.3 


5.8 


8.3 


4.3 


8.4 


6.4 


25%, 75% 
quantile 


5.5, 14.8 


3.9, 8.5 


5.1, 11.0 


3.7, 7.4 


5.8, 14.8 


4.5, 
8.5 


1-Year Survival 0 


Percent alive 


79 


68 


73 


61 


83 


73 


95% 
confidence 
interval 


74, 84 


62,74 


66, 80 


51,71 


77, 89 


66, 
82 



11 II II "I 
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p-value (Z- 
test) 



<0.01 



0.08 



0.04 



a AC = anthracycline (doxorubicin or epirubicin) and cyclophosphamide. 
b Assessed by an independent Response Evaluation Committee. 

c i 



Kaplan-Meier Estimate 



HERCEPTIN was studied as a single agent in a multicenter, open-label, single-arm clinical trial in 
patients with HER2 overexpressing metastatic breast cancer who had relapsed following one or two 
prior chemotherapy regimens for metastatic disease. Of 222 patients enrolled, 66% had received prior 
adjuvant chemotherapy, 68% had received two prior chemotherapy regimens for metastatic disease, 
and 25% had received prior myeloablative treatment with hematopoietic rescue. Patients were treated 
with a loading dose of 4 mg/kg IV followed by weekly doses of HERCEPTIN at 2 mg/kg IV. The 
ORR (complete response + partial response), as determined by an independent Response Evaluation 
Committee, was 14%, with a 2% complete response rate and a 12% partial response rate. Complete 
responses were observed only in patients with disease limited to skin and lymph nodes. The degree of 
HER2 overexpression was a predictor of treatment effect. (See CLINICAL STUDIES: HER2 protein 
overexpression. ) 

Return to Table of Contents 

HER2 Protein Overexpression 

Relationship to Response: In the clinical studies described, patient eligibility was determined by 
testing tumor specimens for overexpression of HER2 protein. Specimens were tested with a research- 
use-only immunohistochemical assay (referred to as the Clinical Trial Assay, CTA) and scored as 0, 
1+, 2+, or 3+ with 3+ indicating the strongest positivity. Only patients with 2+ or 3+ positive tumors 
were eligible (about 33% of those screened). 

Data from both efficacy trials suggest that the beneficial treatment effects were largely limited to 
patients with the highest level of HER2 protein overexpression (3+). (See Table 2.) 



Table 2 

Treatment Effect versus Level of HER2Expression 





Single- Arm Trial 


Treatment Subgroups in 
Randomized Trial 


HERCEPTIN 


HERCEPTIN + 
Paclitaxel 


Paclitaxel HERCEPTIN + AC 

AC | 


Overall Response Rate 




i 




1 II II 
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2+ overexpression 


4% 
(2/50) 


21% 
(5/24) 


16% 
(3/19) 


40% 
(14/35) 


43% 
(18/42) 


3+ overexpression 


17% 
(29/172) 


44% 
1 (30/68) 


14% 
(11/77) 


53% 
(57/108) 


36% 
(35/96) 


Median time to progression (months) j 
(95% CI) 


2+ overexpression 


N/A a 


4.4 

(2.2, 6.6) 


3.2 
(2.0, 5.6) 


7.8 
(6.4, 10.1) 


7.1 
(4.8, 9.8) 


3+ overexpression 


N/A a 


7.1 
(6.2, 12.0) 


2.2 
(1.8,4.3) 


7.3 
(7.1,9.2) 


4.9 
(4.5, 6.9) 



a N/A = Not Assessed 



Immunohistochemical Detection: In clinical trials, the Clinical Trial Assay (CTA) was used for 
immunohistochemical detection of HER2 protein overexpression. The DAKO HercepTest™; , 
another immunohistochemical test for HER2 protein overexpression, has not been directly studied for 
its ability to predict HERCEPTIN treatment effect, but has been compared to the CTA on over 500 
breast cancer histology specimens obtained from the National Cancer Institute Cooperative Breast 
Cancer Tissue Resource. Based upon these results and an expected incidence of 33% of 2+ or 3+ 
HER2 overexpression in tumors from women with metastatic breast cancer, one can estimate the 
correlation of the HercepTest results with CTA results. Of specimens testing 3+ (strongly positive) on 
the HercepTest, 94% would be expected to test at least 2+ on the CTA (i.e., meeting the study entry 
criterion) including 82% which would be expected to test 3+ on the CTA (i.e., the reading most 
associated with clinical benefit). Of specimens testing 2+ (weakly positive) on the HercepTest, only 
34% would be expected to test at least 2+ on the CTA, including 14% which would be expected to 
test 3+ on the CTA. 

Return to Table of Contents 

INDICATIONS AND USAGE 

HERCEPTIN as a single agent is indicated for the treatment of patients with metastatic breast cancer 
whose tumors overexpress the HER2 protein and who have received one or more chemotherapy 
regimens for their metastatic disease. HERCEPTIN in combination with paclitaxel is indicated for 
treatment of patients with metastatic breast cancer whose tumors overexpress the HER2 protein and 
who have not received chemotherapy for their metastatic disease. HERCEPTIN should only be used 
in patients whose tumors have HER2 protein overexpression. (See CLINICAL STUDIES: HER2 
protein overexpression for information regarding HER2 protein testing and the relationship between 
the degree of overexpression and the treatment effect.) 

Return to Table of Contents 

CONTRAINDICATIONS 
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None known. 

Return to Table of Contents 

WARNINGS 

Cardiotoxicity: 

Signs and symptoms of cardiac dysfunction, such as dyspnea, increased cough, paroxysmal nocturnal 
dyspnea, peripheral edema, S3 gallop, or reduced ejection fraction, have been observed in patients 

treated with HERCEPTIN. Congestive heart failure associated with HERCEPTIN therapy may be 
severe and has been associated with disabling cardiac failure, death, and mural thrombosis leading to 
stroke. The clinical status of patients in the trials who developed congestive heart failure was 
classified for severity using the New York Heart Association classification system (I-IV, where IV is 
the most severe level of cardiac failure). (See Table 3.) 



Table 3 

Incidence and Severity of Cardiac Dysfunction 





HERCEPTIN 3 
alone 
n = 213 


HERCEPTIN 

+ 

Paclitaxel b 
n = 91 


Paclitaxel b 
n = 95 


HERCEPTIN+ 
Anthracycline+ 

cyclophosphamide b 
n = 143 


Anthracycline+ 

cyclophosphamide 1 * 
n= 135 


Any 
Cardiac 
Dysfunction 


7% 


11% 


1% 


28% 


7% 


Class III-IV 


5% 


4% 


1% 


19% 


3% 



a Open-label, single-agent Phase II study (94% received prior anthracyclines). 

b Randomized Phase III study comparing chemotherapy plus HERCEPTIN to chemotherapy afone, 

where chemotherapy is either anthracycline/cyclophosphamide or paclitaxel. 



Candidates for treatment with HERCEPTIN should undergo thorough baseline cardiac assessment 
including history and physical exam and one or more of the following: EKG, echocardiogram, and 
MUGA scan. There are no data regarding the most appropriate method of evaluation for the 
identification of patients at risk for developing cardiotoxicity. Monitoring may not identify all patients 
who will develop cardiac dysfunction. 

Extreme caution should be exercised in treating patients with pre-existing cardiac dysfunction. 

Patients receiving HERCEPTIN should undergo frequent monitoring for deteriorating cardiac 
function. 

The probability of cardiac dysfunction was highest in patients who received HERCEPTIN 
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concurrently with anthracyclines. The data suggest that advanced age may increase the probability of 
cardiac dysfunction. 

Pre-existing cardiac disease or prior cardiotoxic therapy (e.g., anthracycline or radiation therapy to the 
chest) may decrease the ability to tolerate HERCEPTIN therapy; however, the data are not adequate 
to evaluate the correlation between HERCEPTIN-induced cardiotoxicity and these factors. 

Discontinuation of HERCEPTIN therapy should be strongly considered in patients who develop 
clinically significant congestive heart failure. In the clinical trials, most patients with cardiac 
dysfunction responded to appropriate medical therapy often including discontinuation of 
HERCEPTIN. The safety of continuation or resumption of HERCEPTIN in patients who have 
previously experienced cardiac toxicity has not been studied. There are insufficient data regarding 
discontinuation of HERCEPTIN therapy in patients with asymptomatic decreases in ejection fraction; 
such patients should be closely monitored for evidence of clinical deterioration. 

Return to Table of Contents 

PRECAUTIONS 

General: HERCEPTIN therapy should be used with caution in patients with known hypersensitivity 
to Trastuzumab, Chinese Hamster Ovary cell proteins, or any component of this product. 

Drug Interactions: There have been no formal drug interaction studies performed with HERCEPTIN 
in humans. Administration of paclitaxel in combination with HERCEPTIN resulted in a two-fold 
decrease in HERCEPTIN clearance in a non-human primate study and in a 1.5-fold increase in 
HERCEPTIN serum levels in clinical studies. (See PHARMACOKINETICS .) 

Benzyl Alcohol: For patients with a known hypersensitivity to benzyl alcohol (the preservative in 
Bacteriostatic Water for Injection) reconstitute HERCEPTIN with Sterile Water for Injection (SWFI), 
USP. DISCARD THE SWFI-RECONSTITUTED HERCEPTIN VIAL FOLLOWING A SINGLE 
USE. 

Immunogenicity : Of 903 patients who have been evaluated, human anti-human antibody (HAHA) to 
Trastuzumab was detected in one patient, who had no allergic manifestations. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: 

Carcinogenesis: HERCEPTIN has not been tested for its carcinogenic potential. 

Mutagenesis: No evidence of mutagenic activity was observed in Ames tests using six different test 
strains of bacteria, with and without metabolic activation, at concentrations of up to 5000 fig/mL 
Trastuzumab. Human peripheral blood lymphocytes treated in vitro at concentrations of up to 5000 
|ag/plate Trastuzumab, with and without metabolic activation, revealed no evidence of mutagenic 
potential. In an in vivo mutagenic assay (the micronucleus assay), no evidence of chromosomal 
damage to mouse bone marrow cells was observed following bolus intravenous doses of up to 1 18 
mg/kg Trastuzumab. 

Impairment of Fertility: A fertility study has been conducted in female cynomolgus monkeys at 
doses up to 25 times the weekly human maintenance dose of 2 mg/kg HERCEPTIN and has revealed 
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no evidence of impaired fertility. 

Pregnancy Category B: Reproduction studies have been conducted in cynomolgus monkeys at doses 
up to 25 times the weekly human maintenance dose of 2 mg/kg HERCEPTIN and have revealed no 
evidence of impaired fertility or harm to the fetus. However, HER2 protein expression is high in 
many embryonic tissues including cardiac and neural tissues; in mutant mice lacking HER2, embryos 
died in early gestation.- Placental transfer of HERCEPTIN during the early (Days 20,50 of gestation) 
and late (Days 120,150 of gestation) fetal development period was observed in monkeys. There are, 
however, no adequate and well-controlled studies in pregnant women. Because animal reproduction 
studies are not always predictive of human response, this drug should be used during pregnancy only 
if clearly needed. 

Nursing Mothers: A study conducted in lactating cynomolgus monkeys at doses 25 times the weekly 
human maintenance dose of 2 mg/kg HERCEPTIN demonstrated that Trastuzumab is secreted in the 
milk. The presence of Trastuzumab in the serum of infant monkeys was not associated with any 
adverse effects on their growth or development from birth to 3 months of age. It is not known whethei 
HERCEPTIN is excreted in human milk. Because human IgG is excreted in human milk, and the 
potential for absorption and harm to the infant is unknown, women should be advised to discontinue 
nursing during HERCEPTIN therapy and for 6 months after the last dose of HERCEPTIN. 

Pediatric Use: The safety and effectiveness of HERCEPTIN in pediatric patients have not been 
established. 

Geriatric Use: HERCEPTIN has been administered to 133 patients who were 65 years of age or 
over. The risk of cardiac dysfunction may be increased in geriatric patients. The reported clinical 
experience is not adequate to determine whether older patients respond differently from younger 
patients. 

Return to Table of Contents 
ADVERSE REACTIONS 

A total of 958 patients have received HERCEPTIN alone or in combination with chemotherapy. Data 
in Table 4 are based on the experience with the recommended dosing regimen for HERCEPTIN in the 
randomized controlled clinical trial in 234 patients who received HERCEPTIN in combination with 
chemotherapy and four open-label studies of HERCEPTIN as a single agent in 352 patients at doses 
of 10-500 mg administered weekly. 

Cardiac Failure/Dysfunction: For a description of cardiac toxicities, see WARNINGS . 

Anemia and Leukopenia: An increased incidence of anemia and leukopenia was observed in the 
treatment group receiving HERCEPTIN and chemotherapy, especially in the HERCEPTIN and AC 
subgroup, compared with the treatment group receiving chemotherapy alone. The majority of these 
cytopenic events were mild or moderate in intensity, reversible, and none resulted in discontinuation 
of therapy with HERCEPTIN. * 

Hematologic toxicity is infrequent following the administration of HERCEPTIN as a single agent, 
with an incidence of Grade III toxicities for WBC, platelets, hemoglobin all <1%. No Grade IV 
toxicities were observed. 
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Diarrhea: Of patients treated with HERCEPTIN as a single agent, 25% experienced diarrhea. An 
increased incidence of diarrhea, primarily mild to moderate in severity, was observed in patients 
receiving HERCEPTIN in combination with chemotherapy. 

Infection: An increased incidence of infections, primarily mild upper respiratory infections of minor 
clinical significance or catheter infections, was observed in patients receiving HERCEPTIN in 
combination with chemotherapy. 

Infusion Reactions: During the first infusion with HERCEPTIN, a symptom complex most 
commonly consisting of chills and/or fever was observed in about 40% of patients in clinical trials. 
The symptoms were usually mild to moderate in severity and were treated with acetaminophen, 
diphenhydramine, and meperidine (with or without reduction in the rate of HERCEPTIN infusion). 
HERCEPTIN discontinuation was infrequent. Other signs and/or symptoms may include nausea, 
vomiting, pain (in some cases at tumor sites), rigors, headache, dizziness, dyspnea, hypotension, rash 
and asthenia. The symptoms occurred infrequently with subsequent HERCEPTIN infusions. 

Table 4 

Adverse Events Occurring in > 5% of Patients or at 
Increased Incidence in the HERCEPTIN Arm of the Randomized Study 

(Percent of Patients) 





Single 
Agent 
n = 352 


HERCEPTIN 
+ Paclitaxel 
n = 91 


Paclitaxel 
Alone 
n = 95 


HERCEPTIN 
+ AC 
n=143 


AC 
Alone 
n=135 


Body as a Whole 


Pain 


47 


61 


62 j 


57 


42 


Asthenia 


42 


62 


57 


54 


55 


Fever 


36 


49 


23 


56 


34 


Chills 


32 


41 


4 


35 


11 


Headache 


26 


36 


28 


44 


31 


Abdominal pain 


22 


34 


22 


23 


18 


Back pain j 


22 


34 


30 


27 


15 


Infection 


20 


47 


27 


47 


31 


Flu syndrome 


10 j 


12 


5 


12 


6 


Accidental injury 


6 


13 


3 


9 


4 


Allergic Reaction 


3 


8 


2 


4 


2 


Cardiovascular 


Tachycardia 


I 5 


12 


4 


10 


5 


Congestive heart failure 


7 


11 


1 


28 


7 



r 
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Digestive 


Nausea 


33 


51 


9 


76 


77 


Diarrhea 


25 


45 


29 


45 


26 


Vomiting 


23 


37 


28 


53 


49 


Nausea and vomiting 


8 


14 


11 


18 


9 


Anorexia 


14 


24 


16 


31 


26 


Heme & Lymphatic 


Anemia 


4 


14 


9 


36 


26 


Leukopenia 


3 


24 


17 


52 


34 


Metabolic 


Peripheral edema 


10 


j 22 


20 


20 


17 


Edema 


8 


; 10 


8 


11 


5 


Musculoskeletal 


Bone pain 


7 


24 


18 


7 


7 


Arthralgia 


6 


37 


21 


8 


9 


Nervous 


Insomnia 


14 


25 


13 


29 


15 


Dizziness 


13 ; 


22 


24 


24 


18 


Paresthesia 


9 


48 


39 


17 


11 


Depression 


6 


12 


13 


20 


12 


Peripheral neuritis 


2 


23 


16 


2 


2 


Neuropathy 


1 


13 


5 


4 


4 


Respiratory 


Cough increased 


26 


41 


22 


43 


29 


Dyspnea 


22 


27 


26 


42 


25 


Rhinitis 


14 


22 


5 


22 


16 


Pharyngitis 


12 


22 


14 


30 


18 


Sinusitis 


9 


21 


7 


13 


6 


Skin 


Rash 


18 


38 


18 


27 


17 
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Herpes simplex 


2 


12 


3 


7 


9 


Acne 


2 


11 


3 


3 


<1 


Urogenital 


Urinary tract infection 


5 


18 


14 I 


13 


7 



Other serious adverse events 

The following other serious adverse events occurred in at least one of the 958 patients treated with 
HERCEPTIN: 

Body as a Whole : cellulitis, anaphylactoid reaction, ascites, hydrocephalus, radiation injury, deafness, 
amblyopia 

Cardiovascular : vascular thrombosis, pericardial effusion, heart arrest, hypotension, syncope, 
hemorrhage, shock, arrhythmia 

Digestive : hepatic failure, gastroenteritis, hematemesis, ileus, intestinal obstruction, colitis, 
esophageal ulcer, stomatitis, pancreatitis, hepatitis 

Endocrine : hypothyroidism 

Hematological : pancytopenia, acute leukemia, coagulation disorder, lymphangitis 

Metabolic : hypercalcemia, hypomagnesemia, hyponatremia, hypoglycemia, growth retardation, 
weight loss 

Musculoskeletal : pathological fractures, bone necrosis, myopathy 
Nervous : convulsion, ataxia, confusion, manic reaction 
Respiratory : apnea, pneumothorax, asthma, hypoxia, laryngitis 
Skin : herpes zoster, skin ulceration 

Urogenital : hydronephrosis, kidney failure, cervical cancer, hematuria, hemorrhagic cystitis, 
pyelonephritis 
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OVERDOSAGE 



There is no experience with overdosage in human clinical trials. Single doses higher than 500 mg 
have not been tested. 
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DOSAGE AND ADMINISTRATION 
Usual Dose 

The recommended initial loading dose is 4 mg/kg Trastuzumab administered as a 90-minute infiision. 
The recommended weekly maintenance dose is 2 mg/kg Trastuzumab and can be administered as a 
30-minute infusion if the initial loading dose was well tolerated. HERCEPTIN may be administered 
in an outpatient setting. HERCEPTIN is to be diluted in saline for IV infusion. DO NOT 
ADMINISTER AS AN IV PUSH OR BOLUS (see ADMINISTRATION ). 

Preparation for Administration 

The diluent provided has been formulated to maintain the stability and sterility of HERCEPTIN for 
up to 28 days. Other diluents have not been shown to contain effective preservatives for 
HERCEPTIN. Each vial of HERCEPTIN should be reconstituted with ONLY 20 mL of BWFI, USP. 
1.1% benzyl alcohol preserved, as supplied, to yield a multi-dose solution containing 21 mg/mL 
Trastuzumab. Use of all 30 mL of diluent results in a lower-than-intended dose of HERCEPTIN. THE 
REMAINDER (approximately 10 mL) OF THE DILUENT SHOULD BE DISCARDED. 
Immediately upon reconstitution with BWFI, the vial of HERCEPTIN must be labeled in the area 
marked M Do not use after:" with the future date that is 28 days from the date of reconstitution. 

If the patient has known hypersensitivity to benzyl alcohol, HERCEPTIN must be reconstituted with 
Sterile Water for Injection (see PRECAUTIONS ). HERCEPTIN WHICH HAS BEEN 
RECONSTITUTED WITH SWFI MUST BE USED IMMEDIATELY AND ANY UNUSED 
PORTION DISCARDED. USE OF OTHER RECONSTITUTION DILUENTS SHOULD BE 
AVOIDED. 

Shaking the reconstituted HERCEPTIN or causing excessive foaming during the addition of diluent 
may result in problems with dissolution and the amount of HERCEPTIN that can be withdrawn from 
the vial. 

Use appropriate aseptic technique when performing the following reconstiution steps: 

a. Using a sterile syringe, slowly inject 20 mL of the diluent into the vial containing the lyophilized 
cake of Trastuzumab. The stream of diluent should be directed into the lyophilized cake. 

b. Swirl the vial gently to aid reconstitution. Trastuzumab may be sensitive to shear-induced stress, 
e.g., agitation or rapid expulsion from a syringe. DO NOT SHAKE, 

c. Slight foaming of the product upon reconstitution is not unusual. Allow the vial to stand 
undisturbed for approximately 5 minutes. The solution should be essentially free of visible 
particulates, clear to slightly opalescent, and colorless to pale yellow. 

Determine the number in mg of Trastuzumab needed, based on a loading dose of 4 mg 
Trastuzumab/kg body weight or a maintenance dose of 2 mg Trastuzumab/kg body weight. Calculate 
the volume of 21 mg/mL Trastuzumab solution and withdraw this amount from the vial and add it to 
an infusion bag containing 250 mL of 0.9% Sodium Chloride Injection, USP. DEXTROSE (5%) 
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SOLUTION SHOULD NOT BE USED. Gently invert the bag to mix the solution. The reconstituted 
preparation results in a colorless to pale yellow transparent solution. Parenteral drug products should 
be inspected visually for particulates and discoloration prior to administration. 

No incompatibilities between HERCEPTIN and polyvinylchloride or polyethylene bags have been 
observed. 

Return to Table of Contents 
Administration 

Treatment may be administered in an outpatient setting by administration of a 4 mg/kg Trastuzumab 
loading dose by intravenous (IV) infusion over 90 minutes. DO NOT ADMINISTER AS AN IV 
PUSH OR BOLUS. Patients should be observed for fever and chills or other infusion-associated 
symptoms (see ADVERSE REACTIONS ). If prior infusions are well tolerated, subsequent weekly 
doses of 2 mg/kg Trastuzumab may be administered over 30 minutes. 

HERCEPTIN should not be mixed or diluted with other drugs. HERCEPTIN infusions should 
not be administered or mixed with Dextrose solutions. 

Stability and Storage 

Vials of HERCEPTIN are stable at 2-8°C (36-46°F) prior to reconstitution. Do not use beyond the 
expiration date stamped on the vial. A vial of HERCEPTIN reconstituted with BWFI, as supplied, is 
stable for 28 days after reconstitution when stored refrigerated at 2-8°C (36-46°F), and the solution is 
preserved for multiple use. Discard any remaining multi-dose reconstituted solution after 28 days. If 
unpreserved SWFI (not supplied) is used, the reconstituted HERCEPTIN solution should be used 
immediately and any unused portion must be discarded. DO NOT FREEZE HERCEPTIN THAT 
HAS BEEN RECONSTITUTED. 

The solution of HERCEPTIN for infusion diluted in polyvinylchloride or polyethylene bags 
containing 0.9% Sodium Chloride Injection, USP, may be stored at 2-8°C (36-46°F) for up to 24 
hours prior to use. Diluted HERCEPTIN has been shown to be stable for up to 24 hours at room 
temperature (2-25°C). However, since diluted HERCEPTIN contains no effective preservative, the 
reconstituted and diluted solution should be stored refrigerated (2-8°C). 

Return to Table of Contents 

HOW SUPPLIED 

HERCEPTIN is supplied as a lyophilized, sterile powder nominally containing 440 mg Trastuzumab 
per vial under vacuum. 

Each carton contains one vial of 440 mg HERCEPTIN (Trastuzumab) and one 30 mL vial of 
Bacteriostatic Water for Injection, USP, 1.1% benzyl alcohol. NDC50242-1 34-60. 
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Contributed by Peter G. Schultz, January 10, 2002 

High-throughput gene expression profiling has become an impor- 
tant tool for investigating transcriptional activity in a variety of 
biological samples. To date, the vast majority of these experiments 
have focused on specific biological processes and perturbations. 
Here, we have generated and analyzed gene expression from a set 
of samples spanning a broad range of biological conditions. Spe- 
cifically, we profiled gene expression from 91 human and mouse 
samples across a diverse array of tissues, organs, and cell lines. 
Because these samples predominantly come from the normal 
physiological state in the human and mouse, this dataset repre- 
sents a preliminary, but substantial, description of the normal 
mammalian transcriptome. We have used this dataset to illustrate 
methods of mining these data, and to reveal insights into molec- 
ular and physiological gene function, mechanisms of transcrip- 
tional regulation, disease etiology, and comparative genomics. 
Finally, to allow the scientific community to use this resource, 
we have built a free and publicly accessible website (http:// 
expression.gnf.org) that integrates data visualization and curation 
of current gene annotations. 

The sequence of the first mammalian genome represents a 
landmark in modern biology and opens new avenues to 
pursue global approaches at understanding gene function and its 
relationship to human physiology (1, 2). The raw genome 
sequence and the accompanying gene predictions provide a 
starting point for the understanding of their function, the 
complexity of their interactions, and their roles in promoting 
cellular and organismal phenotypes. The most common ap- 
proach to global gene annotation uses primary amino acid 
sequence analysis tools (e.g., blast and hmmer) and sequence 
databases (e.g., GenBank and Pfam; refs. 3-6). These powerful 
tools are used to annotate genes of unknown function under the 
premise that proteins of similar structure usually have similar 
function (e.g., kinases contain kinase domains). 

Whereas primary sequence analysis frequently indicates the 
molecular function of a gene and can point to relevant biochem- 
ical assays for future study, it does not suggest the cellular or 
physiological role for proteins. To attempt to gain a more 
complete picture of a novel gene's function, researchers often 
perform multiple-tissue Northern blots to look at its expression 
in a panel of tissues or organs. However, this experiment can be 
laborious and time-consuming, and availability of a representa- 
tive number of tissue samples is an important factor for inter- 
pretation of the results. 

High-throughput gene expression analysis has allowed us to 
construct the equivalent of a multiple-tissue Northern blot for 
thousands of genes at once. We have constructed such a resource 
by profiling 46 human and 45 mouse tissues from diverse tissue 
origins. Whereas several recent studies have also described 
high-throughput gene expression measurements on diverse tis- 
sue sets (7-9), previous analyses of physiological gene function 
have been limited to identification of housekeeping genes, and 
clustering of genes involved in metabolic pathways and devel- 
opment of the central nervous system. The analysis of the data 

www.pnas.org/cgi/doi/10.1073/pnas.012025199 



described in the current work has a significantly different and 
expanded scope. Here, we use mRNA expression patterns to 
specifically augment gene annotation of genes with no known 
physiological function. Furthermore, we extend this analysis to 
investigate mechanisms of transcriptional regulation, to discover 
candidate disease markers, and to compare transcriptional pro- 
files of gene orthologs in mouse and human. Finally, we have 
constructed a web resource that allows users to easily perform 
common queries on the data. Because these data are generated 
from a non-ratiometric and standardized genomic technology, 
expansion of this dataset in our continuing effort toward eluci- 
dating the transcriptome will easily allow inclusion of additional 
gene expression data from internal samples as well as those 
contributed by external collaborators. 

Materials and Methods 

Samples and Chip Hybridization. Forty-six human tissue samples 
and cell lines were obtained from commercial sources and 
previously published research collaborations, and forty-five 
mouse tissue samples were derived from dissections. Detailed 
sample descriptions can be obtained on the web site (http:// 
expression.gnf.org). These samples were labeled and hybridized 
to either human (U95A) or mouse (U74A) high-density oligo- 
nucleotide arrays (10, 11) as described (12). Primary image 
analysis of the arrays was performed by using genechip 3.2 
(Affymetrix, Santa Clara, CA), and images were scaled to an 
average hybridization intensity (average difference) of 200. 

Identification of Tissue-Specific Genes. For the human dataset, the 
set of 46 tissues, organs, and cell-lines was reduced to 25 
independent and nonredundant samples (see Table 1, which is 
published as supporting information on the PNAS web site, 
www.pnas.org). All 45 mouse samples were derived from dis- 
section and were already considered as having independent 
origins. Based on extensive PCR-validation of oligonucleotide 
array data (data not shown) and the absence/presence call 
provided by the genechip software package, an average differ- 
ence (AD) value of 200 was defined as a conservative threshold 
to call a gene "expressed" or present. Additionally, an AD of 200 
has been estimated to represent «*3-5 copies per cell, and an 
expression ratio of 2-fold has previously been established as the 
approximate limit of sensitivity (10, 11). By using these guide- 
lines as filtering criteria, tissue-specific genes were conserva- 
tively defined as having an AD value of greater than 200 in one 
tissue, and AD value of less than 100 in all other tissues. 



Abbreviations: AD, average difference; GPCR. G protein-coupled receptor. 
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Transcriptional Response Elements. The human dataset was filtered 
to select genes with expression in the pituitary gland that was 
10-fold greater than median and greater than 3-fold above the 
median in no more than five other tissues. Thirty-four probe sets 
were identified that mapped to 23 unique Reference Sequence 
(Refseq) entries and four uncharacterized probe sets. To retrieve 
the promoter regions for these genes, the first 300 coding 
nucleotides were aligned to the human genome by using blast. 
Where significant hits (98% identity over at least 100 nucleo- 
tides) were identified, a 5-kb upstream sequence of the transla- 
tional start methionine was retrieved. Because the transcrip- 
tional start sites of few genes are known, and because response 
elements have also been identified in the first intron of many 
structural genes, our searches were limited to the regions 
immediately 5' of the translational start methionine. By using 
this method, promoter regions for 18 of the 23 pituitary-enriched 
genes were identified. Sequences were analyzed for conserved 
motifs by using alignace and scanace [George Church, Har- 
vard University (13)]. 

Prostate Cancer Profiling. Twenty-four prostate tumors and nine 
benign prostate tissues were profiled as described (14). To 
identify genes overexpressed in prostate cancer, genes were 
ranked by calculating the sum of three independent rank tests: 
the rank of [average hybridization intensity in tumor tissue (7) - 
average hybridization intensity in normal tissue (N)] + the rank 
of [average(7)/average(A/)] + the rank (-P), where P is the 
P-value calculated by an unpaired, one-tailed t test. These cancer 
overexpressed genes were further ranked according to their 
average levels of expression in the gene expression atlas, with 
lowly expressed genes scoring highest. 

Comparison of Mouse and Human Gene Expression. Putative or- 
tholog pairs in mouse and human were identified by finding 
genes with common LocusLink symbols (http://www.ncbi. 
nlm.nih.gov/LocusLink). Genes that were not expressed (AD 
less than 200 in all tissues), and genes that were not differentially 
expressed (ratio of maximum expression to median expression in 
all tissue less than 3) were removed from the analysis. Gene 
expression values of the remaining 799 putative orthologs pairs 
were compared by Pearson's correlation coefficient. 

Results and Discussion 

RNA samples from 46 human and 45 mouse tissues, organs, and 
cell lines were hybridized to high-density gene expression arrays. 
To validate the data, we used PCR to amplify ORFs from cDNA 
libraries constructed from tissue sources where the database 
indicated the gene was expressed. Without any optimization of 
PCR conditions, this analysis resulted in the successful amplifi- 
cation of 82% of 1,824 targets from tissue libraries where 
expression was seen in the gene expression atlas (data not 
shown). One hundred PCR reactions were also performed in 
tissues where the gene expression atlas indicated no message was 
present, resulting in only one positive amplification (data not 
shown). 

Examining gene expression across a panel of tissues allows us 
to identify both ubiquitously expressed "housekeeping genes," 
the focus of Warrington et al. (7), as well as differentially 
expressed genes, which we hypothesize perform specific cellular 
and physiological functions. In our dataset, «=6.0% of the 
interrogated genes are ubiquitously expressed, approximately 
the same percentage as reported in Warrington et al (7.5%). 
Furthermore, whereas any individual tissue expresses approxi- 
mately 30-40% of genes, almost all genes (90%) are expressed 
in at least one tissue examined. Statistical analysis (ANOVA) 
revealed that 78% and 82% of genes are differentially expressed 
in the mouse and human, respectively (P < 0.001). Hierarchical 
clustering of these differentially expressed genes shows that 




Fig. 1 . Expression of tissue-specific genes. Genes with tissue-specific expres- 
sion patterns were identified for all tissues in the human (A) and mouse (B) 
datasets. 'Tissue-specific" was defined as expressed with AD greater than 200 
in one tissue and less than 100 AD in all other tissues. Tissues were sorted by 
the. number of tissue-specific genes found. The five tissues in human and 
mouse with the most tissue-specific genes are labeled. Replicate samples from 
one tissue were averaged, and genes and tissues were clustered by using 
cluster and visualized by using treevjew (25). Red, up-regulated; green, down- 
regulated; black, median expression. Tissue labels: a = testis, b = pancreas, c = 
liver, d = placenta, e = thymus, f = mammary gland, g = thyroid, and h = 
salivary gland). 



groups of tissue-specific genes are readily identified in nearly all 
tissues examined. The most striking examples of these differen- 
tially regulated genes are those genes whose expression is 
restricted to a single tissue (Fig. 1). For example, in this dataset 
there are 85 human genes restricted to the testis, including 
several that are known to be involved in testis-function, such as 
SR Y (sex determining region Y)-box 5 (SOX5), testicular tektin 
2 (TEKT2), and zona pellucida binding protein (ZPBP). In 
addition, 19 genes of unknown function were identified as 
testis-specific, including several whose cDNAs encode large 
proteins (15). Similar analysis for all tissues in both mouse and 
human datasets identified 311 human and 155 mouse tissue- 
restricted genes with known function, and 76 human and 101 
mouse genes whose functions were previously uncharacterized 
(Fig. 1; see also Tables 1 and 2, which are published as supporting 
information on the PNAS web site). 

The integration of large-scale expression data with sequence 
homology-based annotation was used to obtain a more complete 
description of gene function. Sequence analysis of an uncharac- 
terized protein is commonly used to identify its molecular 
function (e.g., kinase, protease, and transcription factor). Knowl- 
edge of the tissue expression pattern of a gene can complement 
this annotation by suggesting a physiological function (e.g., 
homeostasis, development, and proliferation) reflecting the 
tissues or conditions in which it is expressed. These two methods 
of gene annotation were integrated by mapping the tissue 
expression pattern of the genes represented in the database to 
Pfam, a database of more than 3,000 protein families and 
domains (6). To illustrate the utility of this approach, we used the 
gene expression atlas to find differentially regulated members of 
two large and biomedically important protein families, the G 
protein-coupled receptor (GPCR) and kinase families. Fig. 2 
shows 312 differentially regulated members of the protein kinase 
family and 118 differentially regulated members of the GPCR 
family in the human dataset. These families include many orphan 
receptors and kinases of unknown function. For example, orphan 
receptors GPR31 and GPR9 showed enriched expression in the 
pancreas, suggesting a role for these proteins in digestion or 
hormone secretion. Specific expression patterns of proteins can 
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Fig. 2. Differential expression of GPCRs and kinases. Pfam was used to identify GPCRs (PF00001, PF00002, and PF00003)and kinases (PF00069, PF00433, PF00454, 
and PF00625) from the genes interrogated in the gene expression atlas. Data were filtered to remove genes that were not expressed in the atlas (max AD < 200) 
and not differentially expressed (ANOVA P> 0.05), and the remaining genes were visualized as described previously. The gene identities for these Pfam families, 
as well as for all Pfam families, can be viewed on the web site (http://expression.gnf.org). 



also be a criterion for selecting therapeutic targets, because the 
primary effect of modulating their function will likely be re- 
stricted to their target tissue. We also used the gene expression 
atlas to identify candidate protein-protein interaction and en- 
zyme-substrate pairs. For example, we used the gene expression 
atlas to find a testis-specific GPCR kinase, GPRK2L (16), and 
fifteen GPCRs that are detectably expressed in testis. We suggest 



that these GPCRs represent the most likely substrate candidates 
for GPRK2L. This approach may be generally useful for decod- 
ing physiologically relevant biochemical interactions. 

Together with the recent availability of the human genome 
sequence, coexpressed clusters of genes were used to investigate 
mechanisms of transcriptional regulation. To illustrate this ap- 
proach, we identified genes whose expression was enriched in the 
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Fig. 3. Identification of pituitary-specific response elements. The gene expression atlas was used to identify pituitary-enriched genes (left). Genomic sequence 
up to 5 kb upstream of the translational start methionine was searched for conserved motifs. On the Right is a potential regulatory element identified in the 
upstream genomic sequence of the genes in this cluster. This element is similar to a previously described Pit 1 binding site from the growth hormone 2 structural 
gene. 



pituitary gland, a tissue where specific regulation has been 
previously characterized (17). Twenty-three unique genes were 
identified, including known growth factors and peptide hor- 
mones. Four transcription factors were included in this list, two 
of which, Pitl and Pitx2, were previously implicated in the 
regulation of pituitary-specific gene expression (17). Of these 23 
genes, we were able to retrieve 18 promoter regions from the 
human genome assembly. To identify potential regulatory ele- 
ments, we used an unbiased word-based methodology previously 
used in the study of prokaryotes, viruses, yeast, and Arabidopsis 
(13, 18, 19) to search the promoter regions of these genes for 
conserved motifs. This process identified a site highly similar to 
the Pitl recognition site from the growth hormone 1 promoter 
that is conserved in 14 of these 18 genes (Fig. 3; ref. 20). Some 
of these have been previously identified as targets of Pitl, 
including prolactin, thyroid-stimulating hormone, the glycopro- 
tein a subunit, and Pitl itself. Several of these genes were 
unknown as potential targets of Pitl, demonstrating that the 
general approach of pairing tissue-specific response elements 
with tissue-restricted transcription factors is likely to yield 
novel insights into the mechanisms of complex transcriptional 
regulation. 

This gene expression atlas was also used to identify potential 
markers for human disease by comparing transcriptional profiles 
of pathological samples to the normal transcriptome. Genes with 
disease-restricted expression are highly desirable both as mark- 
ers and as pharmacologic targets, because selective expression 
imparts the specificity required for successful disease-specific 
targeting approaches [e.g., BCR-ABL and STI571 (21)]. In this 
study, we identified genes specifically up-regulated in prostate 
cancer samples that were lowly expressed or absent in other 
tissues in the database. Proof-of -concept was provided by the 
identification of several known prostate- and prostate cancer- 
specific genes including prostate-specific membrane antigen 
(PSMA), human kallikrien 2 (hK2), and the recently described 
transmembrane serine protease 2 (TMPRSS2), which although 
expressed in other body tissues, is most notably expressed in the 



prostate (Fig. 4; ref. 22). We also discovered genes whose 
up-regulated expression in prostate carcinoma has not yet been 
previously described, including the human homologs of the 
Drosophila transcription factor single-minded, SIM2, and the 
lady bird late gene, LBX1. In addition, several genes with 
completely uncharacterized function were identified that are 
being pursued as potential novel cancer-specific genes. Interro- 
gation of gene expression profiles derived from cancer and other 
pathological conditions in the context of normal body tissues is 
likely to return a battery of genes important in understanding 
disease mechanism and diagnoses. Furthermore, those genes 
that fall into protein families amenable to pharmacologic per- 
turbation may provide entry points for the design of novel and 
specific therapeutics. 
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Hs.98732 unknown 

Hs. 162209 claudin8 

Hs. 301 947 kraken-like 

Hs. 139336 ATP-binding cassette 

Hs.318545 transmembrane protease, serine 2 

Fig. 4. Potential markers for prostate cancer were identified by comparing 
gene expression in normal tissues with normal and tumor prostate samples. 
Fifty candidate makers are visualized here, and the top eight gene identities 
are shown. 
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Fig. 5, Comparison of gene expression for mouse/human ortholog pairs. Putative ortholog pairs between mouse and human genes were identified by 
LocusLink symbol. (A) Gene expression patterns across 1 6 tissues for these 799 gene pairs were compared. The distribution of correlation coefficients is plotted. 
(S) The 427 gene pairs with correlation coefficients greater than 0.6 were sorted by tissue of maximum expression and visualized as described previously. (Q One 
hundred twenty-eight gene pairs have negative correlation in their gene expression pattern. The expression pattern for collagen XV is shown here. Mouse 
collagen XV is highly expressed in the uterus, whereas human collagen XV shows highest expression in the placenta. 



Having access to a substantial portion of the transcriptome 
from both human and mouse also offered an opportunity to 
study the comparative transcription between two mammalian 
species. The increasing importance and use of the mouse as a 
model organism for human physiology and disease has been 
bolstered by the extensive sequence homology between the two 



organisms (http://www.ncbi.nlm.nih.gov/HomoloGene). We 
would predict that true orthologs would have conserved patterns 
of mRNA expression reflecting the common physiological func- 
tion of a gene in mice and humans. Conversely, genes of 
divergent function may demonstrate protein sequence and 
mRNA expression divergence between the two species. A set of 
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putative orthologs was identified by searching for mouse and 
human genes with a common LocusLink symbol, and further 
restricted for this analysis to genes that showed detectable and 
differential expression. The expression patterns of these 799 
putative ortholog pairs were compared across the 16 tissues in 
common between our mouse and human datasets. This analysis 
revealed that half of all mouse and human orthologs have 
correlation in their expression patterns of 0.6 or better (Fig. S4). 
Visualization of these highly correlated transcripts revealed 
striking similarity in the patterns of gene expression between 
mice and human (Fig. 5B). Conversely, there were also many 
examples of low and even negative correlation of expression 
between the two species. For example, the human extracellular 
matrix protein collagen XV is most highly expressed in placenta, 
whereas in mice the putative ortholog is most highly expressed 
in the uterus (Fig. 5Q. Primary sequence comparisons of the 
mouse and human collagen XV genes revealed that the mouse 
harbors seven collagenous domains to nine for the human gene 
(23). In addition, although the conserved C-terminal endostatin 
domain predicts a role in angiogenesis, inactivation of the mouse 
structural gene by homologous recombination revealed a normal 
vasculature (24). Taken in sum, these data support the hypoth- 
esis that the physiological role of collagen XV is different 
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between the two species. Thus, expression analysis can supple- 
ment primary amino acid sequence homology in ascertaining 
whether a gene has conserved function between a model organ- 
ism and the organism it seeks to model. 

In conclusion, this significant fraction of the human and 
mouse transcriptome provides a powerful approach to analyze 
gene function. The extension of this database with additional 
samples and more comprehensive gene expression arrays will 
further increase its utility. We have also created a free and 
publicly accessible web site (http://expression.gnf.org) that al- 
lows researchers to query the mouse and human datasets based 
on gene name, keyword, protein family, or accession number. 
Users may also query the data by expression pattern to identify 
genes present in any tissue or combination of tissues represented 
in the database. It is our hope that this freely available public 
resource will enable researchers worldwide to exploit the emerg- 
ing transcriptome to further biomedical research. 
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Objective To determine the frequency of HER2 genetic 
abnormalities in renal cell carcinoma (RCQ and 
hence assess the potential suitability of Herceptin™ 
immunotherapy. 

Patients and methods Tumours from 27 patients 
with RCC were assessed; all patients had. undergone 
nephrectomy. Benign renal tissue from the nephrec- 
tomy specimens was. studied in seven patients. Gene 
amplification was assessed using fluorescent in-sltu 
hybridization, and protein over-expression using^ 
immunohistocheinistry. 

Results Twenty-four patients had dear cell renal 
carcinoma, two had papillary renal carcinoma and 
one a sarcomatoid variant carcinoma. There was no 



Introduction 

Patients with locally advanced or metastatic RCC have 
a poor prognosis; the 5-year survival for patients with 
stage IV disease is 10% [1]. reflecting that RCC is 
largely resistant to conventional therapeutic regimens 
[2]. Immunotherapy using interleukin-2 and interferon-a 
combined has shown response rates of up to 18.6% in 
patients with metastatic disease, but is associated with 
significant side-effects [3]. Negrier et al [3] reported 
grade 3 and 4 adverse events like hypotension (resistant 
to vasopressor agents) and fever in 45% and 35% of 
patients, respectively. A better understanding of the 
molecular genetics of RCC may help in the develop- 
ment of new therapeutic agents. Aneusomy of chromo- 
some 17 has been reported in papillary RCC [4,5]. The 
HER2/c-erbB2 gene is located on chromosome 17 and 
encodes a transmembrane type I tyrosine kinase growth 
factor receptor with 50% homology with the EGFR 
[6-8]. Over-expression of HER2 has been reported in 
breast [9-1 1], ovarian [9], lung [12] and salivary gland 
tumours [13], and is associated with a poorer prognosis. 
In a recent review examining the results of 47 studies 
involving >22 600 patients with breast cancer, HER2- 
positive status was an independent predictor of poor 
prognosis in multivariate analysis [14]. Herceptin™ 
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HER2 amplification in the tumours or the benign 
renal tissue. Polysemy 17 was detected in 11 of 27 
tumours (41%) and increased HER2 copy number 
in seven (26%). Both polysomy 17 and increased 
HER2 copy number were absent in the benign renal 
tissue. Three tumours (11%) and six of the seven 
benign renal tissue samples over-expressed the 
HER2 protein. 
Conclusions HER2 amplification is absent and protein 
over-expression uncommon in RCC. This casts doubt 
on the suitability of Herceptin™ in the treatment 
of RCC. 

Keywords renal carcinoma, HER2,. Herceptin™, FISH, 
immunohistocnemistry 



(rhu-rnAb-HER2, Trastuzumab. Genentech Inc. San 
Francisico, CA) is the humanized equivalent of the 
murine 4D5 mAb and is targeted against the HER2 
cell-surface receptor. Phase n and phase III clinical 
trials in patients with breast cancer over-expressing the 
HER2 oncogene showed response rates of 11-15% 
[15.16]. A recent study showed that 40% of RCCs 
over-express the HER2 protein and 17% show gene 
amplification [17,18]. However, other studies have not 
confirmed these findings, suggesting that the HER2 
expression and amplification rates are lower [19-21]. 
These differences may be partly explained by the differ- 
ent laboratory techniques used In the various studies. 
Determination of protein over-expression by immuno- 
histocnemistry (EHC) is highly dependent on the anti- 
body selected and the methods . used. Fluorescent 
in-situ hybridization (FISH) is the approved diagnostic 
method for determining gene amplification, allowing 
in-situ analysis of gene copy number. The Glasgow 
Royal Infirmary is one of three UK centres evaluating 
HER2 status in breast cancer diagnosis [22]: In the 
present study we evaluated the HER2 status of 27 RCCs 
and seven benign renal tissues using FISH and IHC. 

Patients and methods 

Tumours from patients with a pathological diagnosis 
of RCC and attending the Gartnavel General Hospital 

5 
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between 1997 and 1999 were included in the study. 
All patients underwent nephrectomy and tumours were 
assigned TNM [23] and Robson stages [24] and grades 
[25]. Benign (normal) renal tissue was identified from the 
RCC nephrectomy specimens. IHC was performed using, 
the CB11 mouse mAb and the Nexus H automated 
staining system (both from Ventana. UK). Formalin-fixed 
paraffin-embedded 5 urn sections and positive/negative 
controls were used in each run. Antigens were retrieved 
in a pressure cooker for 12 min (1 L distilled water and 
1.8 mmol of EDTA at pH 8 in an 850-W microwave 
oven), followed by a 20-min cooling period. Endog- 
enous biotin was blocked by applying avidin for 15 min 
and then biotin for 15 min (SP-2001, Vector Labora- 
tories, Burlinghame, USA). The slides were transferred to 
the Nexus II and the basic diaminobenzidine detection 
kit (Ventana) applied; 100 uL of CB11 was added 
manually to each slide as appropriate and Incubated in 
the Nexus II for 32 min. The result was scored by 
two independent observers. Routine sections stained 
with haematoxylin and eosin were examined to identify 
areas of tumour or benign renal tissue, and correspond-, 
ing areas marked on the IHC sections. IHC was scored 
according to both the intensity and number of cells 
stained. No staining or membrane staining in < 10% of 
cells was scored as 0; weak staining of the membrane in 
>10% of cells was scored as 1+ moderate membrane 
staining in > 10% of cells was scored as 2 +. and strong 
membrane staining in > 10% of cells as 3 + . Cytoplasmic 
stained was excluded. A score of 2 + or 3 + was regarded 
as 'positive' and a score of 0 or 1 + as 'negative' [26]. 

FISH was performed as previously described [27,28]; 
briefly, slides were pretreated with 0.2 mol/L H& 8% 
sodium thiosulphate at 80°C and 0.5% pepsin at 
37°C. Sections were post-fixed in 10% neutral buffered 
formalin. The extent of digestion was estimated by 
applying 0.5ug/mL 4,6-diamidoino-2 phenylindole-2 
hydrochloride in Vectashield (Vectorlabs, Peterborough. 
- UK) antifade mounting medium. Sections were viewed 
at x400 using a microscope. The target DNA was 
denatured with 100 uL of 70% formamide in 2 x saline/ 
citrate buffer, 10 uL of the probe applied and the slides 
incubated overnight in an Omnislide at 37°C (Hybaid, 
UK). Chromosome 17 and HER-2 copy number was 
evaluated using a direct dual-labelled technique, with 
the Patbvysion™ HER-2 DNA probe kit (Vysis, UK). 
This incorporated a Spectrum Green-labelled a-sateliite 
probe for chromosome 17 and a Spectrum Orange- 
labelled HER2 probe. Again, serial sections stained with 
haematoxylin and eosin were first examined micro- 
scopically to locate tumour areas and benign renal tissue. 
FISH-stained sections were then scanned at x400 to 
locate these regions. Three areas were identified and 20 
nuclei assessed per area by two independent observers 



with x40 or xlOO objectives. Signals, per nucleus 
for chromosome 17 (green) and HER2 (orange) were 
counted and the results recorded manually; in all, 
60 nuclei were assessed. Gene amplification was defined 
as a HER2/chromosome 1 7 ratio of > 2. Based on values 
from controls tissues in our laboratory, the normal 
values for chromosome 17 were 1.35-1.85 (1.61 ±3 sd) 
and for HER2 were 1.51-1.99 (1.75 ± 3 sd). Values 
of >3sd over the mean were defined as polysomic 
(for chromosome 17) or showing increased HER2 copy 
number. 

Results 

Twenty-seven tumours were assessed from 19 men 
and eight women; 24 tumours were of the clear cell type, 
two were papillary and one was of a spindle-cell variant 
The clinical details of the 27 patients are summarized 
in Table 1, based on the TNM classification and more 
generally by the Robson classification (Table 2). 



Table 1 Summary of the clinical details, FISH and IHC results of 
the 27 patients with ROC 



Copy number 



Case/Sex 


Grade TNM 


Chrom 17 


HER2 


IHC 


VU 


2 T3N0M0 


1.51 


1:68 


0 


2/F 


2 T2N0M0 


1.78 


1.71 


0 


3/M* 


. 4 .T3N2M0 


1.59 


1.55 


0 


4/M 


2 T1N0M0 


1.85 


1.69 


0 


5/M* 


3 T3N0M0 


2.66 


2.88 


0 


6/F 


3 T1N0M0 


1.73 


1.69 


0 


7/F 


3 T2N0M0 


2.5 


2.88 


0 


8/F 


4 T1N0M0 


1.2 


1.21 


0 


9/P 


3 T3N0MO 


1.73 


1.74 


2 


10/M 


2 T3N0M0 


1.87 


1.79 


0 


11/M 


2 T2N0M0 


1.19 


1.18 


0 


12/M 


3 T1K0M0 


2.8 


3.02 


0 


13/F 


1 T3N0M0 


1.71 


1.63 


0 


14/M 


3 T3NXM0 


2.41 


2.48 


0 


15/M 


3 T3N1M0 


1.9 


1.78 


0 


16/M 


3 T1N0MO 


1.75 


1.78 


0 


17/M 


3 T2NXM0 


1.58 


1.69 


0 


18/Mf 


4 T4N0M0 


2.03 


1.65 


0 


19/M 


3 T2N0M0 


1.7 


1.65 


0 


20/M 


4 T3N0MO 


2.16 


2.2 


0 


21/M 


2 T2N0M0 


2.53 


2.92 


2 


22/M 


3 T1N0M0 


1.74 


1.87 


2 


23/M 


2 T1NXM0 


1.73 


1.84 


0 


24/M 


2 T3N0M0 


2.32 


2.37 


0 


25/M 


3 T3N0M0 


1.88 


1.85 


0 


26/F 


3 T2NXM0 


1.83 


1.71 


1 


27/F 


3 T2NXM0 


1.75 


1.78 


0 



"Represents the two papillary tumours and \thc spindle cell 
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Tabic 2 The distribution of stage and tumour type in the tumours 
in the study, and the distribution of the RCCs with polysomy 17 
and Increased HER-2 copy number both these genetic events were 
more frequent in more advanced stages 

Singe 



AMPLIFICATION AND OVEREXPRESSION OF HER2 IN RCC 7 



Tumour type 
or result 


/ 


21 


m 


W 


N 


Clear cell 


6 


6 


7 


5 


24 


Papillary 


0 


0 


l 


1 


2 


Spindle cell variant 


0 


0 


0 


1 


1 


Total 


6 


6 


8 


7 


27 


Result: 












Polysomy 17 


0 


3 


4 


4 




Increased HER2 • 


0 


2 


2 


3 




copy number' 












IHC(2+or3 + ) 


2 


1 


0 


0 . 





All FISH hybridizations were successful; there was no 
gene amplification in any of the tumours or the benign 
renal tissue. The median (range) HER2 / chromosome 17 
number was 0.99 (0.8-1.17) for the tumours and 
0.99 (0.93-1.15) for benign tissue. The median 
chromosome 17 copy number for the tumours was 
178 (1.19-2.8) and 11 (41%) were polysomic for 
chromosome 17. The median chromosome 17 copy 
number for benign renal tissue was 1.59 (1.5-1.79) 
and hence none was polysomic for chromosome 17. 
The median HER2 copy number for the tumours was 
1.76 (1.18-3.02) and hence seven (26%) had increased 
HER2 copy number (all seven were also polysomic for 
chromosome 17). The median HER2 copy number for 
benign renal tissue was 1.68 (1.4-1.8) and hence none 
had increased HER 2 copy number. 

All the IHC was completed successfully; three tumours 
(11%) over-expressed the HER2 protein (2+): all other 
tumours were negative. Six of the seven benign renal 
tissues over-expressed the HER2 protein (3+); all these 
positive samples had a particular distribution of positively 
staining cells, confined to the distal nephron (Fig. la,b). 

Discussion 

Patients with metastatic RCC have a 5-year survival 
of only 10% and RCC is resistant to conventional 
chemotherapeudc agents [1,2]. The study of the 
molecular genetics of RCC may help to develop new 
therapeutic agents. Alterations of genes that function 
as regulators of cell growth and differentiation are 
. considered to be crucial in the progression of human 
cancers [29]. Numerous genetic aberrations have been 
documented in RCC and many are associated with a 
poor clinical outcome [30]. For example, the EGFR (on 
chromosome 7) is over-expressed in 80% and there is 




Fig.' I. Positively staining: a, RCC tissue, scored as a '2+' and 
b, benign renal tissue; note the particular distribution of 
positively staining cells confined to the distal nephron in the 
latter. Both x!60. 



polysomy of chromosome 7 in 75% of RCCs. predicting a 
poor prognosis [31,32]. Polysomy 7 is linked to poly- 
somy 17 in RCC [4.5] and the HER2 oncogene is on 
chromosome 17. Over-expression/ gene amplification of 
HER2 has been reported for many human tumours 
and represents a poor prognostic factor in several 
[9.11-13]. HER2 gene amplification and protein over- 
expression are thought to be important in oncogenic 
transformation, tumorigenesis and metastasis [33]. For 
example, in breast cancer, patients whose tumours have 
gene amplification/protein over-expression (15-30% of 
all patients) have a poorer prognosis. These patients 
respond to clinical treatment with the mAb Herceptin, 
which is targeted against the HER2 cell surface receptor 
[15.16]. Herceptin has cytostatic growth inhibitory 
effects against breast cancer cells, and Induces antibody- 
dependent cellular cytotoxicity against human tumour 
cell lines, contributing to its antitumour activity [33]. 

There is a wide variation in the reported results for 
HER2 assessment in RCC, partly because of the differing 
laboratory techniques applied in the various studies. 
Rotter et aL [18] used slot-blot analysis and found no 
gene amplification in any of 24 tumours. Similarly 
Weidner et ol. [19] (six tumours). Freeman et aL [20] 
(13 tumours) and Stuum et al [2 1] (34 tumours) showed 
no gene amplification by Southern blot analysis in RCCs. 
Classical techniques for detecting gene amplification, 
like Southern blotting, need a large quantity of DNA and 
all have the problem of varying tumour content within 
a given specimen, which renders the results unreliable 
if the percentage of tumours cells is low In a sample 
[10]. More recently Zhang et al [17] (70 tumours) 
used differential PCR and reported that 17% of 
tumours showed gene amplification for HER2 in addition 
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to a significant association with tumour stage. The 
conclusion was that HER2 abnormalities may be 
involved in the pathogenesis of RCC. Differential PCR 
must be rigorously controlled if it is to be used success- 
fully to quantify mRNA or gene copy number [34]. 
Furthermore, the use of tissue homogenates, as used for 
southern analyses (see above), may further compromise 
the sensitivity of this technique. FISH is the preferred 
technique for visualizing HER 2 in breast cancer diag- 
nostics, because it assesses DNA in individual cells using 
a specific fluorescently labelled probe. Hence there is no 
need to microdissect tumour cells or to Isolate nucleic 
acids before labelling, as with Southern blotting, and 
indeed FISH has been shown to be superior to other 
techniques in detecting HER2 amplification on formalin- 
fixed, paraffin-embedded material [10]. Comparing the 
results of studies estimating protein over-expression 
of HER2 is difficult because all have used different 
antibodies and scoring criteria. However, Stuum et al 
[21] and Zhang et al [17] reported that 64% and 40% of 
RCCs over-expressed the HER2 protein using IHC, and 
that HER2 was important in the progression of RCC In 
contrast Rotter et al [18] reported that HER2 protein 
over-expression was uncommon in RCC and that HER2 
was not important in the progression of RCC Consistent 
with mis conclusion, others [19,20} reported that mRNA 
levels were lower in RCCs than in normal tissue. Hence 
the exact role of HER2 in the pathogenesis of RCC 
remains unclear. 

In the present study of 27 RCCs and. seven benign 
renal tissues examined for HER2 abnormalities using 
FISH and IHC, there was no gene amplification in any of 
the tissues. However, polysemy 17 occurred in 41% and 
increased HER2 copy number in 26% of the tumours. 
Furthermore, polysomy 17 and increased HER2 copy 
number were more frequent in stage in and stage IV 
cancers (Table 2). Both polysomy 17 and increased 
HER2 copy number were absent in the benign renal 
tissue. 

Protein was over-expressed in 11% of the tumours at 
2+ and in six of seven of the benign renal tissues at 
3+. Hence protein was strongly over-expressed (3+) 
only in the benign renal tissue, confined to the distal 
parts of the nephron. There was no staining in the 
proximal tubules, which are the ceils thought to give rise 
to RCC. This is consistent with results reported previ- 
ously [19,20.35], suggesting that under-expression of 
HER2 mRNA is characteristic of RCCs. Consistent with 
this, Rotter et al [18] suggested that reduced HER2 
protein and gene expression were inversely related to 
tumour differentiation, with less well differentiated 
tumour cells having lower HER2 expression. Current 
evidence suggests that in breast cancer only patients 
with tumours that are 3+ on IHC or 2+ with gene 



amplification, as shown by FISH, respond to Herceptin 
immunotherapy [36], implying that the advanced 
RCCs in the current study may be unresponsive to 
Herceptin. 

The present results suggest that gene amplification 
and strong protein over-expression of HER2 is absent 
in RCC This casts doubt on the suitability of Herceptin 
immunotherapy in the management of RCC. 
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his course, the reader will be able to: 
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2 Recoanirc the relationships between and functions 

, r • I etraieeies to inhibit EGFR function in malignant cells. 
3. Describe the current status of cluneal strateg.es to ■» ^ 
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ABSTRACT 

Tfcere Is a «««t Tor « selective antiewcer agents 
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eoidermal growth factor receptor (EGFR) Is WJ !» 

ami and poor survival. Evidenctftr a roieiw 
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lectivtlj target .his exceptor. Activation of the EGFR 
roAatilav ta cancer eeUs has been linked with 
agnaling pathway in can metastasis, 
increased celt proliferation, angiogenic am> 

" — " A j w , , e ik 1 1 1 Further, as they are gener- 

brtweentumorandhosiceiisiij-™ 
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JL h Ang new agents to improve the outcome Active, tumor resistance may develop [3 
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toxic therapies are nonspecific aad do not discnouaatc -The lack pec ^ 
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cytotoxic agents has led to the rational design and develop 
S of tarred therapies that aim «o differ*** * 

- ncnmalignant cells. thereby H«»g J 
Ihl therapeutic index and less toxicity to convent^ 
.hLpieslll.lnonJertodevclopSUch.genCM.U^ 
.oidU^abcoantbioch^iealandmolecula, pathways 

thai distinguish malignant cells from nonmabgnant cells \1\ 
As with nonmatignant cells, tumor growth and progress^ 
depend largely on the activity of cell membrane receptors 
iTconuol tL intracellular signal traction pathways, 
regulating cell proliferation and apoptosis. angtogenestt. 
adhesion, and motility (2). 

0„e such cell membrane receptor is the epidermal growth 
factor receptor (EGFR). which has been shown to play an 
important role in me growth and survival of many «M 
lumon. Pathways involved in EGFR signal uansducnon have 
been proposed as posstble anticancer targets, and agent, » 
specifically target the EGFR have been developed [U). 

EGFR and Sicnauwc Pathways 

The EGFR belongs to the erbB family of four closely 
reUted cell membrane receptors: EGFR (HER1 or erbBI). 
erbB2 (HER2). etbB3 (HER3). and erbB* (HER*) .'These 
receptors are transmembrane glycoproteins that coos* of 
u extracellular ligand-binding domain, a transmembrane 
domain, and an intracellular domain with tyrosine kinase 
activity for signal transduction (Fig. 1). Adivatton of the 



JJjand 
-*» ugaftfl-bindingAJmain 
** Tyrosine Wnase domain 




maiufeiion .Survwat/ Ang^nesa 
'apopiosls 

• PhMphorytsudlymtineraddut 



Fiturt 1. EGFR tipul M«ducli<Mi. Adapted from /*/ by ptr- 
vtemfiomSlt*! 2000:1:12-21.02000 Adi, hummel Ud. 
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Unwinds .o its exttacellular domain. This causes the recep- 
or ; dimeriie with either another EGFR monomer or « h 
another member of the erbB family (7). Following receptor 
dimerization. activation of the intrinsic protet- tyiostne 
kinase aeuvity and tyrosine autophosphorylal.on occur 
^events L to tlxreauitmcnt and phosphorylanon of 
several inttaceUularsubstratcs.leadingtomitogcmc s.goahng 

toction.beeauscofmu.a-Jorua.meATPb.odtngs^.donot 
^y.Mrangeofbiocheinicalr^sfollowtngbg. 
and binding (10); mis demonstrates that receptor tyrosine 
kinase activity is required in cellular signaling. A major s.g- 
ulingrouteoftheeMfanu^ 
£ Jctivated protein kinase pathway (8). Another important 
Lway in emB receptor signaling is me one coosututcd by 
LphaddyUnositol 3-kinase and the downstream protein 
kinase Akt [1 1. 12). After its activation. Akt adduces «g- 
nal; that regulate multiple biological processes meludmg 
apoptosis. gene expxssion. and cellular proliferation [ 3]. 
Akt is likely to send survival (antiapoptoUC) signals by phos- 
pAotyUtingmulupktarget^^^ 
ter BAD (a proapoptotic factor) [1«J and me cell-dead, 
pathway eniyme caspasc-9 (15]. Akt also plays a prompt 
role m regulation of cell cycle progression (13). Thus.ECTR 
signalmg can lead toavarietyof downstream reactions, wh.ch 
arc subject to complex regulatory mechanisms (16]. 

EGFR and Cancer 

EGFR Signaling impacts on many aspects of tumor 
biology. Activation cf the EGFR has been shown to 
enhance processes responsible for tumor growth and pro- 
gression, including the promotion of proliferate, ang.0- 
genesis. and invasion/metastasis, and inh.btt.on of 
apoptosis (Fig. 1) (4. 17. 181. The expression of EGFR m 
tumors has been correlated with disease progression, poor 
rnn.il, poor response to therapy (19). and the develop- 
ment of resistance to cytotoxic agents (20.2l].H.gh levels 
of EGFR have been observed in a variety of tumors, tndud- 
i„ e prostate, breast, gastric, colorectal, and ovarian (4 . 17. 
22J However, mechanisms other than EGFR express,™ 
affect EGFR signaling (reviewed by Aruaga pp. 31-37 
[231) For example, mutations in the EGFR arc observed in 
some tumors; the most common mutant is EOFRvIU. wruch 
lacks an external ligand-binding domain and has a consutu- 
iively activated, but attenuated, tyrosine kinase [17,. 
EGFRvIU is commonly overexpressed as a result of gene 
amplification and has been identified in brain, lung, breast, 
prostate, and stomach cancers [6) but has not yet been 
found in nonmaltgnant cells. 
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Current EGFR-TaRCETED Strategies 

The dear potential for EGFR-targeted therapies in the 
ueatment of cancer has prompted the development of a van- 
cty of agents targeted to the extraceUular ligand-bmding 
domain.the intracellular tyrosine kinaje domain, the ligand, 
„ to synthesis of the EGFR (Fig. 2). These agent* are being 
investigated as monotherapy as well as in eombmat.onw.th 
conventional therapies. 

A nomba of monoclonal antibodies (mAbs) directed 
against the extnc^ulailigand-bind'mgdomain. which ptevent 
ligand binding (e.g., IMC-C225 and ABX-EGF), have been 
developed.Another approach is provided by bispecfic anti- 
bodies (e.g.. MDX-447) thai target the extracellular ligaod- 
binding domain of the EGFR as well as epitopes on the 
surface of immune effector cells, soch as macrophage-acti- 
vated tiller cells. Tne aim is to encourage immune effector 
cell recruitment at the site of tumors, and hence, jnitiate 
destruction of the tumor cells and then stiroulauon of addi- 
tional immune responses. Single-chain fragment variable 
(seFv) antibodies against the EGFR conjugated to toxins, 
such as pscudomonas endotoxin A (ETA), as well as (o fun- 
gal and plant-derived toxins, have also been investigated 
[Ml. One of the most potent conjugates is the scFv-Hel- 
ETA-f»sion toxin, which binds to EGFR and EGFRvffl 
with equal affinity but has 100-fold enhanced cytotoxicity 
against tumors expressing EOFRvIII compared with those 
expressing EGFR (25. 26). 

Another approach has been to target the intracellular tyro- 
sine kinase domain of the EGFR using small-molecule EGFR 
tyrosine kinase inhibitors (EGFR-TKls). such as ZDi«39 
(bsw") and OSl-774. These inhibit ATP binding to tne tyro- 
sine kinase domain of the receptor, thereby inhibiting tyrosine 



C»ncer Tkrapy : ^ Targu the EGFR? 

kinase activity and autophosphorylation. and subsequently, 
blocking signal transduction from the EGFR. 

Additional merits used to target EGFR s.gnalmg have 
been directed against its Ugands.sucbaslk«omb.naatEGF 
vaccine EGF-PWk. which consists of recombinant human 
EGF conjugated to a highly immunogenic recombinant 
bacterial protein P64k [27). Therapies that target both l.g- 
and and EGFR production arc also being investigated using 
anusense oligonucleotides to block the translation of the 
TGF-o and EGFR genes into thei: respective P^««. 

Of these EGFR-targeted agents, the mAb 1MC-C225 
and the EGPR-TWs ZD1B39 and OSI-774 are the furthest 
developed (Table I). Preclinical data from th«e agents sup- 
port the rationale for the use of EGFR-targeted agents m 
cancer therapy, and their potential is being evaluated in 
clinical trials. 

EGFTC-Tarcethd Agents in Cancer: 
Preclinical Validation 

Both in vitro and in vivo studies have demonstrated mat 
EGFR-targeted agents inhibit the processes involved in 
tumor growth and progression, including proliferation. 
apopttRis. metastasis, and angiogenesis. To illustrate the 
ionale for targeting the EGFR. two agents that operate 
using different mechanisms are described below: the mAb 
IMC-C225 and the EGFR-TK1ZDI839. 



Tahk 1. EGFR-targeted strategies and their development stt|« 
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The anti-EGFR mAb 1MC-Q25 (cemximab) ha been 
jho wn to inhibit cell growth and — * *• * » ™ 
(28|. h cause, » increase in the expeession of (he «« eyefe 
inhibitor p27<". siting in the for— of mhtbttory 
0 77«"<ydinHleperui£rtldna»2complex«thalp^edl S 
LX^O-P^of^edlcyck^IMC^ 
also been shown to induce apoptotis in some cell lines (30) 
and to inhibit the production of angiogenic factors, in v.tio 
andinvivo[3I].MweUasme.tastasii[32]. 

Daofrom in vino studies have revealed that.uiaddmon 
t0 reducing cell proliferation, the EGFR-TKl ZD1839 
induces «U cycle arrest, increases apoptosis. and has aoo- 
angiogenic activity (3. 33). In addition. ZD1839 has-been 
shown to have antimeraxiatic properties in human heao ano 
neck and breast cancer celk [34]. ZD1839 inhibited cancer 
«U migration and invasiveness by blocking p21-achvat«l 
kinase 1 which is vital for directional motility and cell sur- 
vival In vivo studies have confirmed its ability to inhibit 
rumor growth in a variety of rumor types including prostate, 
boa,,, ovarii colon, small-ccll lung, and noo-small cell 
lung cancer (NSOC) (33. 35. 36). However, the level of 
expression of the EGFR in xenografts does not seem to 
mfluencc the effect of ZD1839. indicating that the level of 
expression of the EGFR is not the only factor to influence 
EGFR signaling (37). " 

preclinical studies have also demonstrated that Ewx- 
targetcd agents have potential for use in combinational, 
cytotoxic chemotherapy and with radiotherapy. MCC225 
has been shown to enhance the effects of cytotoxic agents 
(38-40) and radiotherapy 1.41 .42); for example.IMC-C225 
i„ combination with topotecan increased survival of nu e 
mice beaiing human colon cancer xenografts (39). ZD1839 
also potentiated the growth-inhibitory effects of cytotoxic 
agents (35. 36. 43, 44). and preliminary data indicate addi- 
tive or synergistic effects in combination with ionizing 
radiation [43]. 



EGFR-Tarceteo Agents in Cancer: Clinical 
Validation 

The use of mAbs against the erbB family of receptors 
has been validated with trastuzumab. a humanized mAb 
raised against the intracellular domain of erbB2. which 
gained US.Food and Drug Administration (FDA) approval 
in September 1998 for the treatment of metastatic breast 
cancer. Trasruiumab is generally well tolerated, although 
serious cardiac side effects may occur in some patients 
(45). especially those aged over 60 years or those receiving 
concomitant doxorubicin/ cyclophosphamide. The car- 
ototoxicity of tnstuzumab is currently not well understood 
and is under intense scnitiny. it may be related to cardiac 
expression ofcrbB2(46]. 



The most advanced anti-EGFR mAb in clinical devel- 
opment is IMC-C225. The recendy reported prebminary 
results of the following trials have been promising; i 
phasenitrialofIMC.C225incombinauonw l mc«plat.n.n 

patients with metastatic or recurrent head and neck cancer 
HIV a phase U trial of IMC-C225 monotherapy « colorec- 
tal cancer (48); and phase Ml trials of combination therapy 
with cisplatin (49) or cisplatin'carboplatin (50) m sou* 
mous-cell carcinoma of the head and neck and with trmote- 
can/5-fiuorouraciWeucovorin in colorectal cancel [51]. ine 
most common advene event relaied to IMGC225 was 

acneiform rash. „ r , . 

Although the chimeric antibody fMC-C22S. formed by 
replacing the constant region of ihe original mouse mAb 
with the constant region of a human immunoglobulin 
greatly reduces immunogenic^ compared with the original 
mouse mAb. anaphylactic reactions and loss of efficacy 
have been seen after repeated exposure, due to the forma- 
tion of human-antimouse antibodies (46). A humanized 
version of 1MC-C225. EMD-72000. has, therefore, been 
developed and. following promising efficacy as a singte 
agent in phase I trials.is under evaluation in phase null 
in patients with ovarian and head and neck cancers (52). 

The potential of therapies targeting iyr««* kinases 
has been demonstrated with imatinib. an inhibitor of tyro- 
sine kinases associated with Bcr-Abl and c-kit and the 
"platelct-derivcd growth factor receptor tyrosine kinase, 
imatinib was launched in the U.S. in May 2001 for the 
treatment of patients with chronic myeloid leuxemta. 
h February 2002. imatinib gained FDA approval for use 
in patients with inoperable and/or metastatic malignant 
tastrointeatinal stromal tumors. 

Clinical trials have shown that ZD1839 it active m 
solid tumors, with the most common side effects being 
mild, reversible rash and dianhea (reviewed by Herb* [53J. 
NmU [54].and Rawon [55) in this issue).ZDl839 is cur- 
rendy undergoing phase 111 evaluation in combination w,ih 
other cytotoxic agents in NSCLC. having demonstrated 
clinically meaningful activity in phase 11 trials in patients 
with head and neck cancer [56] and NSCLC (57. 58). 
reviewed by Herfcsr in this issue (53). In addition to Ihe 
expected antiproliferative effect of EGFR-TKls. resulting 
in disease stabilization, partial responses were observed in 
some patients. Phase 1 trials have also shown that the com- 
bination of ZD1839 with other cytotoxic agents is feasiole 
[59 601 reviewed by Ramon in this issue (55). 

Early trials suggest that OS1-774 monotherapy has 
some activity in NSCLC. head and neck cancer, and ovar- 
ian carcinoma (61-63); combination studies art also under 
way (64. 65). Preliminary phase 1 studies of OS1-774 m 
combination with standard chemothcrapcutic agents, such 
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« docemel. gemcitabinc plus cisplatin. »d ca.bop.aon 
plus paclitaxel. have shown no major interaction, MM 
OSl-774 and these drugs 164. 66]. A phase III study tf OS- 
774 wi.hgemcitabine plus cisplarin.using the drugicpmen 
determined in phase I trials, is currently ongoing tn Eampe 
,„ patients with NSaC N.and a similar study truhai- 
boplatin and taxel is under way in the US. 

Conclusion . 

As the EGFR is highly expressed in a variety of solid 
tumors and is associated with poor response to treatment, 
disease progression, and poor survival, EGFR inhtbtuonts 
s logical anticancer stntegy. Many potential potnts of 
actuation on the receptor have been identified, and 
mechanisms include inhibition of Ugand binding and uunt- 
cellular signaling. Preclinical results from a raulutude of 
novel anti-EGFR agents have shown that many of the 
approaches to inhibit EGFR signaling are feasible and that 



Cancer Therapy: Why Taigtt the KFR? 

White of the EGFR causes catcer **J*«** 
angiogenesis. and metastasis to decrease, and a^ptosts to 
Jrcase-Manyof the intracellular pamwaysmvolvedw^ 

(hw anticancer effects are being probed: this understan • 
ioe has led to the development of many agents, poleima y 

benefiting patients with a variety of * 
f^es. developed: IMC-a25.ZD.8 J9 .an0^774 a 

curreody undergoing phase III cvaluauon. In addmon o 
efficacy « monotherapy, these agents successfully 
enhance the activity of conventional cytotoxic agents and 
way prov.de alternative treatment regimens to paucnis 
with solid tumors. 

, Or. hu Brwelgn is a consultant for AstraZeneca and 
Roche, and receives grant and research support from 
Bristol-Myers Squibb. At the time ol publication, dug paper 
discusses the unlabeled usage of ZD18J9 and IMC-225. 
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Cutaneous side-effects in cancer patients treated with the 
antiepidermal growth factor receptor antibody C225 
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Departments of Pathology. * Medicine and ^Laboratory Medicine, Memorial Sloan-Kettering Cancer Center. 1275 York Avenue, 
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Summary Background C225 is an antibody to the epidermal growth factor receptor (EGFR), and inhibits 
growth of various tumour cells. The antibody is currently being used as a therapeutic agent in 
several clinical trials of patients with carcinomas. 

Objectives To determine and investigate the cutaneous side-effects in cancer patients treated with 
C225. 

Methods We clinically examined 10 patients treated with C225, and performed immunohisto- 
chemical and in situ hybridization studies on skin biopsies. 

Results The most common cutaneous reaction to C225 therapy was the development of an 
acneiform follicular eruption, which was most pronounced on the face, chest and upper back and 
typically manifested a week after the onset of treatment. The consistency of the morphology and 
timing of the clinical findings in 10 different patients following monotherapy with C225 strongly 
suggested a direct biological effect of the antibody. Additional dermatological side-effects included 
focal areas of tender paronychia! inflammation of toes and fingers and small aphthous ulcers of the 
oral mucosa. Serial punch biopsies of chest skin before and after treatment (at 8 days) revealed two 
main reaction patterns: a superficial dermal inflammatory cell infiltrate surrounding hyperkeratotic 
and ectatic follicular infundibula, and a suppurative superficial folliculitis. In two biopsies focal 
intraepidermal acantholysis was found. Microbiological cultures failed to reveal an infectious 
aetiology. Immunohistochemical and in situ hybridization studies on a subset of the biopsies showed 
an increase in the expression of p27 Kipl in epidermal keratinocytes after treatment with C225. 
Conclusions Our findings support the concept that p27 K,pl plays a part in the in vivo regulation of 
follicular and epidermal homeostasis by EGFR. 

Key words: C225, epidermal growth factor receptor, folliculitis 



C225 is an antibody to the epidermal growth factor 
(EGF) receptor (EGFR), and has previously been shown 
to block the proliferation of various cancer cells. 1 " 4 It is 
currently being investigated in several clinical trials of 
patients with cancer of the head and neck, breast, lung, 
prostate and kidney as a single therapeutic agent or in 
combination with other drugs. 5-7 Cutaneous side- 
effects are common in these patients, but have not 
been well characterized and the underlying mechan- 
isms have not been investigated. 
We studied the cutaneous findings of 10 patients 
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with renal cell carcinoma who participated in a 
treatment protocol with C225 as a single agent. The 
patients were followed clinically and punch biopsies 
were taken at regular intervals from chest skin. We 
present our findings of the clinical appearance of the 
lesions and show the pathological findings of the 
biopsies. 

Materials and methods 

Following written informed consent, a series of 10 
patients (nine men and one woman; age range 47-76 
years, mean 58-4) enrolled in a non-randomized phase 
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II clinical trial of C225 antibody therapy for metastatic 
renal cell carcinoma at the Memorial SIoan-Kettering 
Cancer Center (New York) were studied with baseline 
and weekly dermatological evaluation and photo- 
graphy. Patients who had received prior chemotherapy 
or immunotherapy were excluded from the study. Study 
participants received C225 by intravenous infusion 
weekly at an initial loading dose of 500 mg m" 2 
followed by seven consecutive weekly doses at 
250 mg m~ 2 . A baseline questionnaire documented 
Fitzpatrick skin type, past or recent history of acne, and 
all topical and systemic medications being used at time 
of study entry. 

The severity of the cutaneous reactions was graded 
at weekly follow-up visits as: grade 1, asymptomatic 
macular or papular erythematous eruption in an 
acneiform distribution; grade 2, same as 1. but with 
symptoms such as pruritus; grade 3, extension of the 
eruption beyond the acneiform distribution of head, 
chest and back or the development of confluent lesions, 
painful lesions, or minor ulceration; grade 4, exfoliative 
or ulcerating dermatitis. 

Surveillance bacterial cultures of forehead skin were 
performed at baseline and day 8. Following a gentle 
cleansing of the forehead, a sterile PVM/MA copolymer- 
impregnated strip (Chesebrough-Pond's, NJ, U.S.A.) was 
applied to the skin for 5 min and the stratum corneum 
and follicular contents stripped from the skin. The strip 
contents were suspended in an aliquot of bacterial 
medium and plated on bacterial and fungal media. 

Serial 4-mm punch biopsies of chest skin were 
performed immediately prior to the initial infusion, 
1 h following completion of the initial infusion, and on 
day 8 of therapy. In addition, several of the patients 
underwent a skin biopsy on day 3 or 4 of therapy. The 
biopsies were kept fresh in saline. Upon arrival in the 
pathology laboratory (Memorial Sloan-Kettering 
Cancer Center, New York), the biopsies were split in 
half. One half was frozen, the other routinely 
processed, i.e. fixed in 10% formalin and embedded in 
paraffin. Multiple haematoxylin and eosin-stained 
sections per biopsy were examined and Gram as well 
as periodic acid-Schiff-D stains were obtained to assess 
the presence or absence of bacteria and fungi. For cases 
that lacked a follicle or had only minimal inflammation 
on initial sectioning, the tissue block was extensively 
step-sectioned in search of a follicle and/or more 
prominent inflammation. 

Immunohistochemistry was performed on biopsies 
from four patients whose tissue block contained sufficient 
material for such an analysis. The avidin-biotin method 



was used with the monoclonal antibody against p27 Kipl 
(Ab-2; Oncogene Science, Inc., Boston, MA. U.S.A.; 
0-1 jxg mlT 1 final concentration) as previously des- 
cribed, 8,9 and UCHL1 (pan-T-ceil marker; Dako; 

1 : 200). Endogenous peroxidase was suppressed by a 
20-min incubation with 1% H 2 0 2 . Labelling of the 
secondary antibody was performed with an avidin-biotin 
complex using a biotinylated horse antimouse secondary 
(Vector, Burlingame, CA, U.S.A.; 1 : 200 dilution) and 
diaminobenzidine tetrahydrochloride (Biogenex, San 
Ramon, CA, U.S.A.) as a chromogen. The number of 
stained nuclei was counted per high-power microscope 
field (HPF; x 40 objective). Three HPFs were examined 
per biopsy. 

In situ hybridization studies for p27 Kipl mRNA 
expression were carried out as previously 
described. 8,9 Digoxigenin-Iabelled probes were used 
and 1 p,g of recombinant plasmid pCRTMII (Invitro- 
gen Corp., San Diego, CA, U.S.A.), containing the full- 
length human p27KIPl gene (a gift from Dr M.Pagano, 
New York University School of Medicine), was 
linearized by BamHI and Xbal to generate anti-sense 
and sense transcripts. Tissue sections were rinsed in 
water and phosphate-buffered saline (PBS) for 10 min. 
The slides were digested with proteinase K 
(50 u.g mL" 1 ) for 18 min at 37 °C in PBS and postfixed 
at 4 °C in a freshly prepared solution of 4% 
paraformaldehyde in PBS for 5 min. Prehybridization 
was for 30 min at 45 °C in 50% formamide and 

2 x standard saline citrate (SSC). The hybridization 
buffer contained 50% (v/v) deionized formamide, 10% 
dextran sulphate (50% stock solution), 2 x SSC 
(20 x stock solution), 1% sodium dodecyl sulphate 
(10% stock solution) and herring sperm DNA 
(0-25 |xg mL -1 ). Hybridization was performed over- 
night at 45 °C by applying digoxigenin-labelled RNA 
probe (10 pmol L"* 1 in 50 u.L of hybridization buffer 
per section) under a coverslip. The coverslips were 
removed, and the slides were washed in prewarmed 
2 x SSC for 20 min at 60 °C twice, followed by washes 
in prewarmed 0-5 x SSC and 0-021 x SSC each at 
60 °C for 20 min. After these washes, the slides were 
incubated in normal sheep serum diluted in buffer at 
pH 7-5 and successively in the same buffer with 
antidigoxigenin antibody conjugated to alkaline phos- 
phatase (Roche Diagnostics, IN, USA) at a dilution of 
1 ; 1500 for 1 h at room temperature. The visualiz- 
ation was accomplished by use of nitroblue tetrazolium 
5-bromo-4-chloro-3-indolyl phosphate. The slides 
were counterstained with methyl green and 
mounted. 
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Results 

Clinical findings 

The most common side-effect of C225 therapy was a 
follicular rash, which commonly began in an acneiform 
distribution (face, scalp, chest and upper back) approxi- 
mately 1 week into therapy (Fig. 1). It developed in all 
10 patients. The time course of the clinical severity of 
the rash is depicted in Figure 2. There was no apparent 
association between severity of the rash and skin type 
or history of acne. Empirical use of topical and systemic 
antibiotics as well as topical steroids was not associated 
with consistent clinical improvement of the rash. 

Another common dermatological manifestation in 
our patients was pain, tenderness and Assuring of the 
distal finger tufts that occurred in varying degrees in all 
of the patients. Five patients developed paronychial 
inflammation with associated swelling of the lateral 
nail folds of toes and fingers (Fig. 3). The digits most 
commonly affected were the great toes and thumbs. 
In one patient the middle finger was affected as well. In 
several instances the lateral nail fold swelling was 
associated with friable pyogenic granuloma-like 




Figure 2. Severity of the rash over time by site. 



changes that bled with minimal trauma. There was 
no preceding history of ingrown nails. Neither Candida 
nor bacteria were found on culture at the onset of these 
lesions. Staphylococcus aureus was cultured from some 
lesions, and persisted despite antibiotic therapy. Great- 
est symptomatic relief was achieved with soaks and 
cushioning of affected areas. 

Two patients reported minimally symptomatic sores 
of the oral mucosa during therapy. They were found to 
have a few 2-3 mm intraoral aphthous ulcers. 
Herpesvirus direct immunofluorescence and culture 
were negative in these patients. 



Histological findings 

The histological findings in serial punch biopsies 
performed on chest skin from nine patients treated 




Figure 3. Paronychial swelling and friability of the lateral nail fold of 
the great toe (patient 2). 
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Day of " Table 1. Summary of histological findings 

Patient treatment Histological findings 



1 

1 


i 
i 


Normal skin 




8 


Suppurative folliculitis 


-> 


l 


Normal skin 




3 


Superficial perifolliculitis 




o 
O 


Suppurative superficial folliculitis 


■3 

5 


1 


Normal skin 




4 


Suppurative folliculitis 




8 


Suppurative folliculitis 


4 


1 


Normal skin 




8 


Perivascular dermatitis (no follicle present) 


5 


1 


Norma! skin 




4 


Suppurative folliculitis: focal intraepidermal acantholysis 




8 


Suppurative folliculitis 


6 


1 


Normal skin 




8 


Focal intraepidermal acantholysis and mild perifolliculitis 


7 


1 


Normal skin 




8 


Superficial perifolliculitis 


8 


1 


Normal skin 




8 


Superficial perifolliculitis 


9 


1 


Normal skin 




8 


Superficial perifolliculitis 




with C225 are summarized in Table 1. Before treat- 
ment with C225 was initiated, a control biopsy of 
normal skin was obtained, which was unremarkable 
in all cases, except for the presence of rare incidental 
Pityrosporum organisms in the stratum corneum of 
three patients. The subsequent biopsies showed variable 
inflammatory changes. The earliest findings included 
an infiltrate of T lymphocytes (immunoreactive for 
CD45RO: not shown) surrounding the follicular 
infundibulum (Fig. 4). After 1 week of treatment, 
four patients had a superficial perifolliculitis involving 
hyperkeratotic and ectatic follicular infundibula 
(Table 1), four had a florid suppurative folliculitis 
(Fig. 5), and two showed focal intraepidermal 
acantholysis in association with a sparse neutrophilic 
infiltrate involving the terminal portion of the sweat 
duct (Fig. 6). In one patient, the biopsy obtained at 
day 8 lacked a follicle upon serial sectioning. Thus, 
evaluation of follicular or perifollicular inflammation 
was not possible in this case. 



Table 2. Immunoreactivity for p27 Klpl 



Figure 4. Superficial dermal infiltrate of 
hyperkeratotic follicular infundibulum 
original magnification x 200). 



lymphocytes surrounding a 
(haematoxylin and eosin; 



Patient 


No. of stained nuclei per high- 
power microscope field 


Prior to 
treatment 


Day 8 of 
treatment 


1 


6 


20 


2 


8 


25 


3 


7 


32 


5 


12 


35 
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Figure 5. Suppurative superficial folliculitis. A hair follicle is involved 
by a florid mixed inflammatory cell infiltrate and rupture of the 
epithelial lining is present (haematoxylin and eosin; original 
magnification x 40). 




Figure 6. Intraepidermal acanthosis overlying the terminal portion 
of a sweat duct, which is focally involved by a neutrophilic infiltrate 
(arrow) (haematoxylin and eosin: original magnification xlOO). 





Figure 7. Immunoreactivity for p27 K,pl in epidermal keratinocytes. 
Fewer nuclei are immunopositive prior to treatment with C225 (a) 
than 1 week after treatment (b). (Original magnification x 40) 



Immunohistochemical findings 

The expression of the negative growth regulator 

p27 Kipl 

was analysed by immunohistochemistry in 
four patients whose biopsies contained sufficient tissue 
for analysis. The results are summarized in Table 2. At 
day 8 of treatment with C225, a three- to fourfold 
increase in the number of immunolabelled interfol- 
licular epidermal keratinocytes was found. While in 
normal epidermis only occasional basilar keratinocytes 
stained positive (Fig. 7a), keratinocytes at all cell layers 
of the epidermis stained for p27 Klpl in skin of treated 
patients (Fig. 7b). 

In situ hybridization 

In those cases in which the expression of p27 Kipl was 
analysed by immunohistochemistry, in situ hybridiza- 
tion studies were performed in parallel. Labelling was 
most pronounced in basilar and suprabasilar keratino- 
cytes. There was an approximately twofold increase in 
cytoplasmic labelling for p27 mRNA in epidermal 
keratinocytes of treated skin compared with untreated 
skin (not shown). 
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Microbiological cultures 

Surveillance cultures of facial skin failed to reveal any 
consistent significant changes in the cutaneous micro- 
flora. Neither Candida nor bacteria were found on 
culture at the onset of these lesions, although S. aureus 
was cultured from some persistent lesions. 

Discussion 

This study describes the cutaneous reactions seen in 10 
patients with renal cell carcinoma treated with C225. 
We focused our analysis on the most common reaction, 
which was an acneiform follicular eruption, histologi- 
cally characterized by a lymphocytic perifolliculitis or 
suppurative superficial folliculitis. The absence of an 
apparent infectious aetiology, the consistency of the 
clinical findings across patients, as well as the absence 
of another drug or plausible aetiology suggest C225 as 
the causative agent of this follicular dermatitis. Addi- 
tional indirect evidence for this hypothesis comes 
from the clinical observation that we have seen a 
similar acneiform eruption in a patient treated with 
4-(3-chloro-4-fluorophenyiamino)-7-methoxy-6-(3-(4- 
morpholinyl) propoxy)-quinazoline, which is known to 
block EGFR-dependent activation of tyrosine kinase 
activity. 10 

EGFR is expressed in the epidermis, the sweat gland 
apparatus and hair follicle epithelium. 11 " 14 Previous 
experimental studies have demonstrated a central role 
of the EGFR in the normal differentiation and develop- 
ment of the hair follicle. 15 " 21 Mice harbouring a 
targeted disruption of the EGFR allele exhibit a 
disorganized hair follicle phenotype. 15 " 21 EGF has 
pleiotropic effects on keratinocytes. Administration of 
EGF to newborn mice delays hair follicle development, 
decreases the rate of growth, and reduces the hair 
diameter. 22,23 While it slows the growth and affects the 
differentiation of hair follicles, EGF is a potent mitogen 
on cultured keratinocytes and leads to epidermal 
hyperplasia and hyperkeratosis 24-27 

Valuable information on the role of growth factors in 
the homeostasis of the pilosebaceous unit has been 
gained from in vitro studies. 28 " 34 In vitro models have 
demonstrated that EGF and transforming growth factor 
(TGF)-a are involved in the triggering of anagen and 
catagen 28,29 A critical role for EGF and TGF-a in 
regulating the differentiation of sebocytes and kerati- 
nocytes of the human pilosebaceous infundibulum has 
been established using organ cultures. 30 31 EGF and 
TGF-a. however, are not the only growth factors 



relevant for the biology of hair follicles. Several other 
cytokines, such as insulin-like growth factor, inter- 
leukins and tumour necrosis factor-a are also known to 
play a part. 32 " 34 

The effects of C225 on the skin are likely to be a 
direct consequence of its interference with the signal 
pathway of EGFR. Among potential candidates of 
proteins involved in the postreceptor effects of C225, 
p27 K,pl merits attention. It is a negative growth 
regulator that binds to and inactivates cyclin-depen- 
dent kinase-2, thereby leading to cell cycle arrest in 
Gi. 35,36 Several in vitro studies on various tumour ceils 
have shown that upregulation of p27 Klpl plays a 
crucial part in growth inhibition by C2 2 5. 3 7-42 
Therefore, we examined the effect of C225 treatment 
on p27 Kipl expression in the epidermis by immunohis- 
tochemistry and in situ hybridization. A three- to 
fourfold increase in p27 Klp ^positive keratinocyte nuclei 
was observed by the eighth day of treatment, which 
was accompanied by an increase in p27 KIpl mRNA 
levels. Although it is difficult to draw reliable conclu- 
sions from a small number of cases (four patients) in 
which sufficient lesional tissue was left for analysis, the 
consistency of increased p27 Klpl expression in all cases 
suggests that that p27 Kipl could play a part in 
mediating the effects of C225 in vivo. It also indicates 
that C225 probably has a direct effect on keratinocytes. 
Such a direct effect of C225 on target cells was recently 
demonstrated for mucosal epithelium in a patient with 
Menetrier's disease. 43 Analysis of protein extracts from 
gastric fundic biopsies suggested that treatment with 
C225 resulted in lower concentrations of mitogen- 
associated protein kinase and a decrease in the 
proliferative index of gastric glandular epithelium 43 

C225 probably interferes with the EGFR signal 
pathway of epidermal and skin adnexal epithelium. 
The upregulation of p27 Kipl observed in our study 
probably leads to some impairment of cell growth and 
associated altered differentiation. However, the precise 
mechanism by which altered levels of p27 Kipl con- 
tribute to an acneiform eruption remains elusive at the 
current time. Further experiments are needed to 
explore the role of p27 Kipl in follicular growth and 
differentiation. It is possible that altered levels of 
p27 Klpl are solely a marker for the effect of C225 and 
are not causally linked to the acneiform eruption. Other 
proteins in the signal pathway of EGFR, such as 
mitogen-associated protein kinase, need to be studied 
for their role in follicular homeostasis, as they may 
provide clues to the mechanism of C225 as well as our 
understanding of the formation of acne. 
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It is also difficult to establish a causal link between 
C225 and the presence of an inflammatory reaction. 
One possible explanation for the inflammatory infiltrate 
in the biopsies with suppurative inflammation is that it 
occurs in response to the follicular rupture observed in 
some specimens. Such a mechanical rupture may have 
its origin from an effect of C225 on follicular growth 
and differentiation, which may lead to excessive 
hyperkeratosis, follicular plugging and subsequent 
obstruction of the follicular ostium, similar to processes 
known to occur in acne. A perifollicular inflammatory 
cell infiltrate in the presence of an intact follicle is more 
difficult to explain. It is possible that an alteration of 
follicular growth and differentiation affects the micro- 
flora of the skin, especially within the stratum corneum 
of the follicular infundibulum, which may subsequently 
elicit an inflammatory reaction. Such a presumed 
alteration of the cutaneous microflora is not supported 
by the results from our limited microbiological studies 
and special stains for micro-organisms. It is, however, 
conceivable that the inflammatory reaction is more 
directly related to C225. The mere presence of an 
antibody on the surface of follicular epithelial cells may 
directly elicit an inflammatory reaction, which in turn 
could lead to follicular rupture. Experimental studies 
are needed to investigate the cause of the inflammation 
further. 

The sparse neutrophilic inflammation involving the 
terminal portion of the eccrine duct, which was 
accompanied by focal intraepidermal acantholysis, 
represents an unusual histological reaction pattern 
(Fig. 6). We have no explanation for the mechanism of 
this phenomenon. However, as EGFR is strongly 
expressed in sweat duct epithelium, 14 alterations in 
the pathophysiology of eccrine ducts of patients treated 
with antibodies against EGFR are not a surprise. 

The paronychia! changes observed in our patients 
are similar to those previously described with systemic 
retinoid and antiretroviral therapy. 44 ^ 46 The specific 
mechanisms by which these lesions are induced by 
retinoids and antiretroviral agents are unknown. Our 
observations suggest a possible role for EGFR in the 
induction of these lesions. 

In summary, we describe the cutaneous side-effects 
seen in 10 cancer patients treated with C225. We 
document the histological findings of the most common 
eruption, which was an acneiform follicular or 
perifollicular dermatitis. We believe that C225 is the 
cause of this eruption. To our knowledge, this 
represents the first report of cutaneous side-effects 
related to the treatment of patients with a humanized 
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monoclonal antibody. Our results show that treatment 
with C225 results in upregulation of p27 Kipl in 
epidermal keratinocytes. which indicates that altera- 
tion of p27 K,pl may be a mechanism by which C225 
can affect follicular and epidermal homeostasis. The 
similarity of the follicular eruption described herein to 
acne suggests that further investigations into the 
disturbance of the EGFR pathway and cell cycle 
regulation in keratinocytes may be relevant to our 
understanding of acne and acneiform skin eruptions. 
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ImClone Systems Reports Second Quarter and First Six Months 2005 Financial Results 

NEW YORK-(BUSINESS WIRE)~July 26, 2005-lmClone Systems Incorporated (NASDAQ: IMCL): 

Erbitux U.S. In-Market Quarterly Sales Reach $97.8 Million, Up 12% Over the Prior Quarter, and Up 37% Over the Second 
Quarter of 2004 

Diluted Earnings Per Share of $.30; Non-GAAP Diluted Earnings Per Share of $.37 Excluding Expenses Associated with 
Discontinuance of Small-Molecule Research 

ImClone Systems Incorporated (NASDAQ: IMCL) announced today its financial results for the second quarter and six 
months ended June 30, 2005. 

Total revenues for the second quarter of 2005 were $92.4 million, a 25% increase over the second quarter of 2004. 
Revenues include four principal components: 

License fees and milestone revenue of $24.5 million in the second quarter of 2005 compared with $18.1 million in the 
second quarter of 2004; 

Manufacturing revenue of $7.9 million in the second quarter of 2005 compared with $14.8 million in the second quarter of 

2004. Higher volume purchases by Bristol-Myers Squibb in the second quarter of this year were offset by a lower selling 
price in 2005 as compared with 2004. Purchases by Bristol-Myers Squibb are timed at their discretion to accommodate 
forecasts and safety stock needs, and are not necessarily indicative of historical in-market sales or future sales 
expectations. No product intended for commercial use was sold to Merck KGaA during the second quarter of 2005; 

Royalty revenue of $41.8 million in the second quarter of 2005 compared with $28.5 million in the second quarter of 2004. 
Royalty revenue for the second quarter of 2005 includes $38.1 million representing 39% of Bristol-Myers Squibb's in-market 
Erbitux net sales of $97.8 million, compared with first quarter in-market net sales of $87.1 million, an increase of 12%, and 
second quarter 2004 in-market net sales of $71 .4 million, an increase of 37%. These in-market sales, reflecting a drop-ship 
distribution methodology, represent Erbitux shipments to end-user accounts only, with no wholesaler stocking; and 

Collaborative agreement revenue of $18.2 million in the second quarter of 2005 compared with $12.4 million in the second 
quarter of 2004. The year-to-year increase principally reflects reimbursement for increased purchases of clinical materials by 
Merck KGaA, and higher reimbursements for royalty payments. 

Total operating expenses for the second quarter of 2005 were $71.3 million, including $6.2 million of expenses associated y: ■ 
with the discontinuation of the Company's small-molecule research program, which were previously announced on May tf f * 

2005. Excluding these expenses, operating expenses for the second quarter of 2005 would have been $65.1 million 
compared with $46.4 million in the second quarter of 2004. Operating expenses included: 

Research and development expenses for the second quarter of 2005 were $24.4 million compared with $18.8 million in the 
second quarter of 2004; the increase is principally attributable to expenses associated with clinical supplies sold to the 
Company's partners which are reimbursed as a component of Collaborative agreement revenue; 

Clinical and regulatory expenses in the second quarter of 2005 were $8.4 million, compared with $6.2 million in the second 
quarter of 2004, reflecting higher expenses associated with clinical trials in support of Erbitux and pipeline products currently 
in Phase I clinical development and the preparation of the sBLA for squamous cell carcinoma of the head and neck, which is 
expected to be filed with the FDA in the third quarter of this year; 

Marketing, general and administrative expenses were $16.8 million in the second quarter of 2005 compared with $13.6 
million in the second quarter of 2004. The increase in 2005 is principally attributable to higher compensation expenses 
associated with increased headcount, principally in sales and marketing attributable to the field force, and higher 
professional fees, primarily for legal services; 

Royalty expenses were $14.3 million in the second quarter of 2005 compared with $7.6 million in the second quarter of 
2004. The increase is attributable to higher in-market sales and the fact that the Company did not have an expense as of 
June 30, 2004 for royalties related to the Centocor license. Approximately $5.0 million of the 2005 expenses were 
reimbursed as a component of Collaborative agreement revenue, resulting in net royalty expenses of $9.3 million for the 
second quarter of 2005 compared with $4.4 million in the second quarter of 2004; 

Cost of manufacturing revenue was $1.1 million in the second quarter of 2005 reflecting labeling and packaging costs as 
well as the recognition of certain previously capitalized manufacturing costs; and 

Expenses associated with the discontinuance of the Company's small-molecule research program of $6.2 million, including 
$2.3 million of severance and related costs and $3.9 million associated with the write-off of fixed assets and other 
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miscellaneous expenses. 

The effective tax rate for the full year of 2005 (assuming no $250 million milestone is earned from Bristol-Myers Squibb) is 
now estimated to be 1.0%, principally because of the utilization of deferred tax assets, mainly including the amortization of 
license fees and milestones which were taxable in prior periods. The Company's estimate of the full-year tax rate at the end 
of the first quarter of 2005 had been 1 .3%; as a result, the effective rate for the second quarter of 2005 is approximately 
0.7%. 

Net income for the second quarter of 2005 was $26.0 million compared with $24.3 million in the second quarter of last year. 
Diluted earnings per share were $.30 in the second quarter of 2005 compared with $.29 in the second quarter of 2004. 
Excluding the expenses associated with the discontinuation of the Company's small-molecule research program, non-GAAP 
diluted earnings per share were $.37 in the second quarter of 2005. A reconciliation of non-GAAP diluted earnings per share 
to diluted earnings per share prepared in accordance with GAAP is set forth below. 

Total revenues and net income for the six months ended June 30, 2005 were $178.2 million and $54.9 million, respectively, 
compared with $183.9 million and $87.0 million, respectively, in the first six months of last year. Diluted earnings per share 
were $.63, or $.70 on a non-GAAP basis, for the first six months of 2005 compared with $1 .02 in the first six months of 2004. 

Conference Call 

ImClone Systems will host a conference call with the financial community to discuss 2005 second quarter and six months 
financial results, today, July 26, 2005, at 1 1 :00 AM Eastern Daylight Time. 

The conference call will be webcast live and may be accessed by visiting ImClone Systems' website at www.imclone.com. A 
replay of the audio webcast will be available under "Earnings Webcast" in the "Investor Relations" section of the Company's 
website starting shortly after the call. 

Those parties interested in participating via telephone may join by dialing (888) 694-4641 , or (973) 935-8512 for calls 
outside of Canada and the United States. A telephone replay of the conference call will be available shortly after the call 
until August 2, 2005 at midnight Eastern Daylight Time. To access the telephone replay, dial (877) 519-4471 domestically, 
or (973) 341-3080 for calls outside of -Canada and the United States, and enter passcode number 6272456. 

Share ("EPS") Excluding 
Small -Molecule Research to 

Three Months ; Six Months 

Ended Ended 
June 30, 2005 June 30, 2005 



EPS excluding expenses associated with 

discontinuing small -molecule research (1) $.37 $.70 

EPS attributable to expenses associated 

with discontinuing small-molecule 

research $.07 $.07 



EPS, GAAP basis $.30 $.63 



(1) EPS excluding expenses associated with discontinuing the Company's 
small-molecule research program is a non-GAAP financial measure. 
The Company believes that it is useful to present this non-GAAP 
financial measure because it permits disclosure of operating 
results on the same basis used by management and provides 
investors with a more complete understanding of the Company's 
underlying operational results and trends. You should not consider 
EPS excluding expenses associated with discontinuing the Company's 
small-molecule research program in isolation or as a substitute 
for EPS determined in accordance with U.S. generally accepted 
accounting principles, as set forth above. 

About ImClone Systems Incorporated 

ImClone Systems Incorporated is committed to advancing oncology care by developing and commercializing a portfolio of 
targeted biologic treatments designed to address the medical needs of patients with a variety of cancers. The Company's 
research and development programs include growth factor blockers and angiogenesis inhibitors. ImClone Systems' strategy 
is to become a fully integrated biopharmaceutical company, taking its development programs from the research stage to the 
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market. ImClone Systems' headquarters and research operations are located in New York City, with additional 
administration and manufacturing facilities in Branchburg, New Jersey. 

Certain matters discussed in this news release may constitute forward-looking statements within the meaning of the Private 
Securities Litigation Reform Act of 1995 and the Federal securities laws. Although the company believes that the 
expectations reflected in such forward-looking statements are based upon reasonable assumptions it can give no assurance 
that its expectations will be achieved. Forward-looking information is subject to certain risks, trends and uncertainties that 
could cause actual results to differ materially from those projected. Many of these factors are beyond the company's ability 
to control or predict. Important factors that may cause actual results to differ materially and could impact the company and 
the statements contained in this news release can be found in the company's filings with the Securities and Exchange 
Commission including quarterly reports on Form 10-Q. current reports on Form 8-K and annual reports on Form 10-K. For 
forward-looking statements in this news release, the company claims the protection of the safe harbor for forward-looking 
statements contained in the Private Securities Litigation Reform Act of 1995. The company assumes no obligation to update 
or supplement any forward-looking statements whether as a result of new information, future events or otherwise. 

IMCLONE SYSTEMS INCORPORATED 
Consolidated Condensed Statements of Operations 
(Unaudited) 
(in thousands, except per share data) 



Three Months Ended Six Months Ended 
June 30, June 30, 





2005 


2004 (1) 


2005 


2004 (1) 


Revenues : 












License fees and milestone 












revenue 


$24,491 


$18,148 


$ 49, 


025 


$ 85,646 


Manufacturing revenue 


7,894 


14,796 


18, 


913 


40,300 


Royalty revenue 


41,791 


28,460 


78, 


163 


35,605 


Collaborative agreement 












revenue 


18, 209 


12,364 


32, 


055 




Total revenues 


92,385 


73,768 


178, 


156 


183,932 


Operating expenses: 










"39,047 


Research and development 


• 24,433 


18,836 


45, 


606 


Clinical and regulatory 


8,376 


6,202 


17, 


774 


13,264 


Marketing, general and 












administrative 


16,833 


13,577 


34, 


456 


25,205 


Royalty expense 


14,338 


7,636 


26, 


904 


9,679 


Cost of manufacturing 












revenue 


1,106 


123 


1, 


849 


336 


Disposal of small molecule 












research program 


6,200 




6, 


200 




Other 










(1,815) 


Total operating expenses 


71,286 


46,374 


132, 


789 


85,716 


Operating income 


21,099 


27,394 


45, 


367 


98,216 


Other (income) expense, net 


(5,106) 


381 


(10, 


038) 


1,496 


Income before income 












taxes 


26,205 


27,013 


55, 


405 


96,720 


Provision for income 












taxes 


174 


2,701 




554 


9,672 


Net income 


$26,031 


$24,312 


$ 54, 


851 


$ 87,048 
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http://phxxorporate-ir.net/phoenix.zhtml?c=97689&p=irol-newsArti.. 



Income per common share: 

Basic $ 0.31 $ 0.31 $ 0.66 $ 1.14 

Diluted $ 0.30 $ 0.29 $ 0.63 $ 1.02 



Shares used in calculation 
of income per share: 

Basic 83,616 77,373 83,448 76,316 

Diluted 92,074 92,888 92,362 89,620 



(1) Royalty expense and Collaborative agreement revenue in 2004 have 
been reclassified to conform to the current year presentation. 
Both categories have been increased by $2,231 and $2,778 for the 
three and six months ended June 30, 2004, respectively, in order 
to reflect the reimbursed portion of royalties for agreements that 
were finalized in January, 2005. 



IMCLONE SYSTEMS INCORPORATED 
Consolidated Condensed Balance Sheets 
(Unaudited) 
(in thousands) 



Assets 




June 30, 
2005 


December 31, 
2004 


Current assets: 

Cash and cash equivalents 

Securities available for sale 

Inventories 

Other current assets 


$ 


4,588 
807,281 
66,412 
88,019 


$ 79,321 
840,451 
40, 618 
102,047 


Total current assets 




966,300 


1,062,437 


Property, plant and equipment, net 
Other assets 




380,950 
30,062 


339,293 
33,046 


Total assets 


$ 1,377,312 


$1,434,776 


Liabilities and Stockholders' Equity 
Current liabilities 
Deferred revenue, long term 
Long-term obligations 


$ 


226,621 
305,699 
602,107 


$ 303,690 
348,814 
603,434 


Total liabilities 




1,134,427 


1,255,938 


Stockholders 1 equity 




242,885 


178,838 


Total liabilities and 
stockholders 1 equity 


$ 


1,377,312 


$1,434,776 



CONTACT: ImClone Systems Incorporated 
Investors: 

Andrea F. Rabney, 646-638-5058 
Stefania Bethlen, 646-638-5058 
or 

Media: 

David M. F. Pitts, 646-638-5058 
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The receptor for the epidermal growth factor (EGF) and related ligands (EGFR), the prototypal member of the 
supcrfamilv of receptors with intrinsic tyrosine kinase activity, is widely expressed on many cell lypcs. including 
epithelial and mesenchymal lineages. Upon activation by at least five genetically distinct hgands (including EGF 
transforming growth factor-* (TGFa) and heparin-binding EGF (HB-EGF)), the intrinsic kinase is activated and 
EGFR tyrosyt-phosphorylates itself and numerous intermediary effector molecules, including closely-related C-erbB 
receptor family members. This initiates myriad signaling pathways, some of which attenuate receptor signaling The 
integrated biological responses to EGFR signaling are plciolropic including mitogenesis or apoptosis, enhanced cell 
motility, protein secretion, and differentiation or dedifferentiate. In addition to being implicated in organ 
morphogenesis, maintenance and repair, uprcgulatcd EGFR signaling has been correlated in a wide variety of 
tumors with progression to invasion and metastasis. Thus, EGFR and its downstream signaling molecules are 
targets for therapeutic interventions in wound repair and cancer. Published by Elsevier Science Ltd. 

Keywords: Receptor protein tyrosine kinase (RPTK.); Tumor invasion; Wound healing; Organogenesis; Signaling pathways 



1. Introduction 

Cell surface molecules communicate infor- 
mation from the external milieu to the cell. This 
sensing is critical in multicellular organisms as 
the cells must function appropriately to tneir 



•Tel.: 205-934-0357; fax: 205-975-9927. 
E-mail address; wells<@! uab.edu (A. Wells) 

1 I apologize to all authors whose important works contrib- 
uted to our understanding of the EGF rceeplor but could not 
be directly cited in thic review due to the limitations in 
references. 

1357-2725/99/$ - see front muter Published by Elsevier Science 
PU: Sl357-2725(99)000l5-l 



localization and respond in concert to the needs 
of the organism. One major family of sensors is 
comprised of transmembrane receptors with 
intrinsic protein tyrosine kinase activity (RPTK), 
the prototypal member of which is the EGF 
.receptor (EGFR; also referred to as HER 
(human EGF receptor) and c-erbBl) as it was 
the first receptor described to possess tyrosine 
kinase activity and the first member of this super- 
family to be sequenced. Co-incidentally, the 
structure of EGFR appears to represent an 
archetypal pattern for this superfamily of extra- 
cellular sensors that control basic cell functions. 
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Fig. I. Structural motifs and regulatory elements in the EGF 
receptor. The maiurc EGFR polypeptide U shown. On the left 
changes which characterize the two variants arc shown; ihc 
deletion of exons 2-7 in ECFRvllI and the alternative!) 
spliced tail of the secreted EGFR (sEGFR). Other highlighted 
structures include the two cystcinc-rich (CR) domains, the dis- 
continuous ligand-binding domains, which arc different bill 
overlapping for the various ligands. The transmembrane (TM) 
stretch separates the glycosylated extracellular domain from 
the intracellular regions. This latter includes the tyrosine 
kinase domain as well as the autophosphorylaled tyrosines 
(Y), the site of PKC transmodulation on threonine at amino 
acid 654 (T654). and the calpain cleavoge site. Not shown are 
the three internalization domains (at 973. 996. and 1 U9) 



These receptors all present kinase activity di- 
rected against tyrosine residues located both 
within the receptor itself (autophosphorylalion) 
and on target downstream molecules. Ligand 
binding activates the kinase which, with a poss- 
ible few minor exceptions, is required for all cel- 
lular responses. The pleiotropic cell responses, 
actuated via stilt ill-defined pathways, include cell 
proliferation, migration, and differentiation as 
well as homeostatic functioning. 



2. Structure 

EGFR is somewhat unusual among RPTK in 
that there is a single isoform, from a single 26 
exon gene located across HOkb on chromosome 
7pl 1—13, which serves as the sole or overwhel- 
mingly predominant receptor for multiple distinct 
ligands including EGF, TGFcr, amphircgulin, 
HB-EGF and a number of virally-encoded fac- 
tors. The protein product of this gene is most 
often an 1186 amino acid mature transmembrane 
glycoprotein (Fig. 1). An amino-terminal 622 
amino acid extracellular domain containing two 
cysteine-rich domains comprises the ligand bind- 
ing domain. There is a single alpha-helical trans- 
membrane pass. The intracellular 542 amino 
acids can be grouped inio three domains. The 
juxtarnembrane domain (-50 amino acids) serves 
primarily as a site for feedback attenuation by 
PKC (protein kinase C) and erk MAP kinases 
(extracellular signal-regulated kinase, mitogen- 
activated protein kinase), though there is evi- 
dence that a motif within this region may link to 
heterotrimeric G proteins [IJ. Next comes a con- 
tiguous ~250 amino, acid tyrosine kinase (SHI, 
sre homology 1) domain. A unique 229 amino 
acid long carboxy-tenminal tail contains five 
autophosphorylation motifs which link to pro- 
teins containing SH2 or FTB (phospho-tyrosine 
binding) domains, at least three internalization 
motifs comprised of a tight turn, and sites for 
transphosphorylation and proteolytic activation 
and degradation. This tail also functions as an 
autoinhibitory substrate; in the absence of cither 
autophosphorylation or removal, ligand-aclivaied 
EGFR is unable to phosphorylate substrates. 
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TCFa 



bind 
activate 




plasma 
membrane 



degrade 

Fig 2 Lifiand-regulatcd trafficking and deposition or EGFR. Upon ligand binding EGFR kinase is activated and the receptor is 
internalized v lfl elathrin-coatcd pit, using a saturable, adapt.n-spcdnc mechanism. This initial action » «»MM * l ™\ {h < 
different ligand*. In the scid.fied endosomal compartment, the ultimate fate or EGFR U determined by the binding properties of 
the ligand-ECF remains bound and direct, the receptor and its bound EGF to degradation; TCFa dissoe.alc* and the rceeptor « 
recyded while the free TGF* sorts with the majority of the bulk ph.* to degradation. When this meehamsm .s saiuraied (ai p- 
proximately 50,000 internalized EGFR), cxce« EGFR is recyckd; in this situation EGF bound to receptor will be returned to the 
surface while the majority of TCFa will still be degraded with the bulk phase. 



The EGFR autophosphorylation motifs are 
structurally similar [2] and functionally redun- 
dant, in distinction to many other RPTK. This 
simple architecture and flexible interchange of 
redundant motifs bespeaks an archetypal gene. 

There are two established and one proposed 
EGFR variants. A splice variant proximal to the 
transmembrane domain generates a secreted form 
of EGFR which can act as a dominsnt-negative 
in experimental situations. Whether this acts in 
vivo as a negative titrater of signaling or as a sol- 
uble binding protein extending the life-span of 
EGFR ligands or acting as an extracellular sink 
for predeposited ligands remains to be deter- 
mined. A non-ligand binding but constitutively 
active EGFR variant (EGFRvIII) lacking amino 
acids 6-273 (exons 2-7) across the first cysteine- 



rich domain was first reported as a tumor-specific 
gene rearrangement; more recent work has 
suggested that this rearranged gene may replicate 
a splice variant present during development [3]. 
The presence of immunologically- and biochemi- 
cally-defined EGFR in the nucleoplasm has lead 
to suggestions of a transmembrane-negative 
splice variant similar to one reported for the re- 
lated k-sam gene; however, this species has yet to 
be positively identified. Except for EGFRvIII in 
select tumor types, these EGFR variants rep- 
resent minor populations observed only in lim- 
ited situations. 

EGFR interacts with most members of the c- 
erbB subfamily of RPTK. The ligand for crbB-2 
is undefined while erbB-3 and erbB-4 serve as 
heregulin and neuregulin receptors. However, a 
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major function of these other receptors appears 
to be as downstream effectors of each other. 
These receptors hctero-aggregate, cross-phos- 
phorylate, and modulate signaling from each 
other in specific pairings. For instance, EGFR 
(erbB-1) will interact with erbB-2 and erbB-3 but 
not erbB-4 t but erbB-4 will pair with erbB-2. Of 
particular note is that erbB-3 lacks kinase ac- 
tivity, rather serving as a docking protein to 
recruit a broader spectrum of downstream effec- 
tors after phosphorylation by EGFR or erbB-2. 
Such a situation may be reiterated by the tumor- 
specific EGFRvIH. 



3. Expression and degradation 

EGFR is present on all epithelial and stromal 
cells as well as select glial and smooth muscle 
cells. It is transcribed from a TATA-less promo- 
ter as two predominant large mRNA species that 
differ by the extent of 3' untranslated sequence 
(in humans as -6 kb and -9 kb species). 
Relatively little has been reported about tran- 
scriptional control of EGFR, though it appears 
to decline with cellular aging at least in dermal 
fibroblasts. Po&t-translational processing and 
trafficking has been extensively studied and 
reviewed. In polarized epithelial cells EGFR :s 
largely restricted to the basolateral aspects, 
allowing for cpithelial-stromal communication 
from fibroblast-derived TGFa and other matrix- 
associated EGFR ligands. This asymmetric pres- 
entation of EGFR limits autocrine signaling, as 
many of these epithelial organs, particularly 
throughout the genitourinary system, secrete 
copious amounts of EGF into the lumens [4]. 

Upon ligand binding and activation, EGFR 
undergo internalization via a saturable endocytic 
system which depends on specific adaptins and 
sorting nexins complexing with EGFR carboxy- 
terminal motifs. The fate of the receptor depends 
on continued occupancy and kinase activity; 
EGF, remaining bound in the acidic late endoso- 
mal compartment, directs EGFR to degradation 
whereas activation by TGFa, which displays a 
pH-scnsitive dissociation, results in recycling. 
Ligand-induced internalization and degradation 



results in signal attenuation with net removal of 
cither receptor fin the case of nondissociativc 
ligands like EGF) or ligand- (for dissociative 
ligands such as TGFa) [5] (Fig. 2). Thus, differ- 
ent ligands can dictate the strength and temporal 
lifespan of EGFR signals, thereby providing a 
rationale for the existence of multiple genetically- 
distinct ligands. 



4. Biological function 

EGFR is a pleiotropic signaler. The integrated 
biological response to EGFR activation varies 
from mitogenesis to apoptosis, migration to 
differentiation to dedifferentialion even in the 
same cell depending on the context, which 
includes cell density, type of matrix, other cyto- 
kines, and even the position within a cell colony. 
The molecular bases of these responses is only 
now being defined [6). 

EGFR kinase triggers numerous downstream 
signaling pathways similar to other RPTK and 
tyrosine kinase-linked cytokine receptors. These 
pathways include those that involve PLCy (phos- 
pholipasc C-y) and its downstream calcium- and 
PICC-mediaicd cascades, ras activation leading to 
various MAP kinases, other small GTPases such 
as rho and rac, multiple STAT (signal tranducsr 
and activator of transcription) isoforms, and het- 
crotrimeric G proteins, as well as others to a les- 
ser extent including the phospholipid-directcd 
enzymes PI3 kinase (phosphatidylinositol 3'-OH 
kinase) and PLD (phospholipase D), and the 
proto-oncogene cytoplasmic tyrosine kinase src. 
While this confusion of cascades has prevented 
lucid exposition of biochemical links to biological 
responses, a few principles are becoming clear. 
First, a number of signaling pathways can be 
shown to be required, but not sufficient for a 
particular response; PLCy-mediated hydrolysis of 
PIP 2 (phosphatidylinositol (4,5) bisphosphale) 
and mobilization/activation of actin-modifying 
proteins is required for EGFR-mediatcd motility, 
but motility is blocked if MEK (MAP kinase 
kinase) signaling is abrogated [6-8]. Second, 
many signaling pathways contribute to multiple 
responses; activation of the erk MAP kinases 
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promotes both proliferation and migration [8], 
Third, other signals, both biological and bio- 
physical, modulate the response to EGFR acti- 
vation; epithelial and stromal cells only exhibit 
biological responses when attached to a tensed 
substratum [9]. Fourth, temporal and spatial con- 
trol of EGFR signaling dictates the biological 
outcome possibly by altering the balance between 
various signaling pathways; the motility-associ- 
ated PLCy pathway initiates a PKC-mediated 
feedback attenuation which only slightly 
decreases global eric activation (but likely alters 
localized erk populations) which shifts the re- 
sponse from proliferative to migratory [10] (rig. 

AM this begs the question of the physiological 
role of EGFR signaling. This has been 
approached by extrapolation from in vitro exper- 



iments, in vivo perturbations such as disrupting 
EGFR regulation by adding or blocking ligands, 
and, most recently, by genetic engineering. The 
first noted role for EGF was maturation of epi- 
thelial tissues, as evinced by precocious eye open- 
ing and tooth eruption upon injections of EGF. 
This developmental role has been supported by 
EGFR knockouts which die in the neonatal 
period due to severe immaturity of several epi- 
thelial organs; that the pattern and severity of 
the developmental retardation is dictated by the 
genetic background of the mice suggests that 
other RPTK may be recruited to subsume, at 
least partially, the roles of EGFR. It also was 
shown that postpartum milk production was 
enhanced by EGFR signaling, suggesting a meta- 
bolic role [11]. In adult animals, EGFR signaling 
has been postulated as important for organ 
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repair, which may be viewed as nco-organogen- 
esis; reduction of EGF levels impairs hepatic re- 
generation. Throughout the genitourinary tract, 
high levels of lumenal EGF are proposed to 
stimulate repair of epithelial breaks by gaining 
access to basolatcral EGFR. 

In most of these situations the operative cellu- 
lar response is assumed to be the mitogenic re- 
sponse to EGFR signaling. However, during 
development cells must proliferate, migrate and 
differentiate, and during repair dediffcrentiation 
may also play a role. Parsing the individual cell 
responses has been confounded by the pleiotropic 
nature not only of EGFR signaling but also of 
several of the downstream effectors. Recently, we 
have identified PLCy as being required for 
EGFR-mediated motility but not mitogencsis. 
Inhibiting this specific pathway in breast and 
prostate epithelial cells, severely retards the 
branching morphogenesis. This pattern is similar 
to mammary glands in which global EGFR sig- 
naling is abrogated by a dominant-negative 
EGFR [12]. This suggests that the operational re- 
sponse is not mitogenesis but migration. Many 
further investigations arc needed to determine the 
situations in which each of the integrated cellular 
responses function physiologically. 



5. Medical/industrial application 

Control of EGFR signaling will likely provide 
important opportunities in three main areas—- 
cancer treatment, organ repair, and cell pro- 
duction. EGFR is the receptor most often found 
upregulatcd in a wide variety of human tumors 
[13]. Due to its early identification as the proto- 
oncogene of the transforming v-erbB oncogene 
and its association with the genesis of numerous 
tumors, EGFR has been the target of numerous 
therapies, ranging from therapeutic and imaging 
antibodies to toxin-linked ligands to enhance- 
ment of targeting for gene therapy vectors [14], 
These approaches have primarily used uprcgu- 
lated EGFR as a tumor-specific target based on 
a therapeutic index as EGFR expression is wide- 
spread: the special case of EGFRvIII deleted 
EGFR may, however, represent a 'true' tumor- 



specific antigen. In many tumors EGFR levels 
are not overexpressed but rather signaling is 
upregulated due to autocrine stimulatory loops 
secondary to the breakdown of cellular asymme- 
try and spatial segregation of EGFR and its 
ligands. In these cancers, the therapeutic index 
based on EGFR levels is not available. Rather, 
one needs to evaluate the biology of the tumor. 
Two cellular responses are considered targets: 
proliferation and migration. At present, EGFR- 
mediated but not basal migration can be 
approached by abrogating activation of PLCy. 
We have demonstrated that in a mouse xenograft 
model of human prostate carcinoma, inhibition 
of this signaling pathway prevents tumor inva- 
sion, albeit tumor growth remains unaffected. 
Interestingly, this likely represent the pathologi- 
cal aspect of the physiological role of branching 
morphogenesis. EGFR-spccific proliferation, 
which may be critical for metastatic growth in 
ectopic sites, currently is less accessible as most 
downstream targets would likely have widespread 
unintended toxicities to proliferative organs such 
as bone marrow and gastrointestinal lining. Still, 
EGFR-mediated downstream signals may rep- 
resent a fruitful avenue for attacking tumor inva- 
siveness as an adjunct therapy for anti-mitotic 
therapy or surgical/radiotherapy bulking. 

EGFR modulation holds tremendous promise 
in promoting wound repair and limiting scarring. 
One can easily envision that by understanding 
the quantitative aspects of EGFR signaling on 
both proliferation and migration, new agents and 
materials would be developed to improve dermal 
wound repair, which is readily accessible to 
repeated and targeted 'drug' applications. During 
wound repair both proliferation and migration 
must be triggered but in the proper spatial and 
temporal context. Our lack of understanding of 
this complex orchestration likely underlies the 
failure of EGF and other growth factors to 
improve this clinical situation to date. A second 
use bespeaks this fine balance between augment- 
ing and abrogating repair. Injection of high con- 
centration of EGF results in sheep shedding their 
fleece and has been promoted as an alternative to 
shearing, though a costlier one. While current 
human fashion dictates against total hair loss 



JUL 10 2003 11 : 53 AM 



310 820 8483 



PAGE. 07 



, \ t JUL- 10-2003 11^37 



UroGenesys 



310 820 8489 P. 08/08 



A. Wells I The International Journal of Bk 

having a significant cosmetic market, localized 
depilatory action may be profitable. 

One major industrial use of EGFR signaling is 
in the production of bio-pharmaccuticals. As 
genetically-engineered agents are made in mam- 
malian cells, a limiting factor will be control of 
cell growth and viability. The ready availability 
and stability of native and recombinant EGFR 
ligands even in harsh conditions coupled with 
cross-species promiscuity make these ideal for 
large-scale cell cultures. Furthermore, specific 
alterations and modifications have been shown 10 
alter the signaling properties to extend the bioac- 
tivity or spare cell receptors [15]. 
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The EGF receptor system in head and neck carcinomas and 
normal tissues. Immunohistochemical and quantitative 
studies. 

Christensen ME, 

Department of Otolaryngology-Head and Neck Surgery, H:S 
Rigshospitalet, Copenhagen. 

The EGF receptor (EGF receptor) and two of the ligands, transforming 
growth factor alpha (TGF-alpha) and epidermal growth factor (EGF), exert 
mitogenic activities in epithelial cells. Hence, the overall aim of this work 
was delineation of the EGF receptor system in head and neck carcinomas, 
which in the majority of cases are epithelial derived tumours. Chapter 1 is a 
general introduction to head and neck carcinomas and the relevance of the 
EGF receptor system in this context. Chapter 2 focuses on the 
immunohistochemical distribution of TGF-alpha in normal human tissues, 
while previous studies dealing with the growth factor in head and neck 
carcinomas revealed other localizations in normal cells. TGF-alpha was 
detected with monoclonal as well as polyclonal antibodies. The results 
showed that the growth factor is widely distributed in normal human tissue* 
and thus not limited to malignant cells. Chapter 3 describes the 
immunohistochemical localization of the EGF receptor in 55 patients with 
squamous cell carcinoma in the head and neck region. The study included 
adjacent normal mucosa and in 12 cases additional dysplastic areas were 
present. The EGr receptor was found in the basal cell layer in normal oral 
and laryngeal mucosa. In sections from patients who had received 
preoperative irradiation the receptor was in addition seen on the spinous 
cells. In dysplastic epithelial all cells stained for the EGF receptor. The 
majority of the head and neck carcinomas expressed the EGF receptor. In 
poorly differentiated tumours almost all cells were positive for the receptor. 
Sections from moderately and well differentiated tumours demonstrated a 
reduction in the extent of stained areas, paralleling the situation observed in 
the differentiated upper layers of normal oral and laryngeal mucosa. 
Furthermore, this chapter describes the EGF receptor quantitatively in 60 
patients with head and heck carcinoma. This study was performed in order 
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to evaluate if overexpression of the EGF receptor was a common motif for 
head and neck carcinomas. The level in tumour biopsies was compared 
with the level in the patients' corresponding normal mucosa. An enzyme- 
linked immunosorbent assay detecting protein epitopes of the receptor was 
employed. Overexpression of the receptor was found in the majority of 
cases. The overexpression was further correlated to clinicopathological 
parameters. However, no significant correlations were found although the 
mean values increased with increased tumour size and advanced clinical 
stage. The use of quantitative assays are further discussed and limitations 
are emphasized with respect to heterogeneity at the EGF receptor level and 
the varying stromal components in malignant tissues. Despite these 
problems the relevance of the EGF receptor a therapeutic situation is 
illustrated with e.g. EGF receptor antibodies and tyrosine-kinase inhibitors. 
Chapter 4 focuses on the immunohistochemical expression of EGF and 
TGF-alpha in carcinomas from same 55 patients. This study included 
adjacent normal mucosa in which the growth factors were expressed above 
the basal cell lay<?r. The majority of the tumours expressed both growth 
factors and none of the sections were negative for both EGF and TGF- 
alpha. In biopsies from moderately and well differentiated tumours the 
growth factors were demonstrated in the more differentiated cells. 
However, in poorly differentiated tumours the cells were positive for EGF 
and TGF-alpha. Chapter 5 describes immunohistochemical and quantitative 
changes of salivary EGF, amylase and haptocorrin following radiotherapy 
for oral cancer. This study was initiated because irradiated oral and 
laryngeal mucosa have demonstrated staining for the receptor in the basal 
cell layer as well as in the spinous cells, indicating an upregulation of the 
receptor in response to lack of EGF. In normal biopsies from the glandula 
submandibularis 3nd glajidula parotis, EGF and amylase were 
demonstrated in the serous acini, whereas haptoc 
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Transforming growth factor-alpha (TGF-alpha) and 
epidermal growth factor-receptor (EGF-R) immunoreactivity 
in normal and pathologic brain. 

Ferrer I, Alcantara S, Ballabriga J, Olive M, Blanco R, Rivera R, 
Carmona M, Bcrruczo M, Pitarch S, Planas AM. 

Unitat de Neuropatologia, Hospital Princeps d'Espanya, Universitat de 
Barcelona, Spain- 
Transforming growth factor alpha (TGF-alpha) and epidermal growth 
factor-receptor (EGF-R) immunoreactivity is observed in the majority of 
neurons, and in maturing astrocytes, in the developing and adult brain of 
humans and different species of animals. TGF-alpha and EGF-R co- 
localize in most neurons and maturing astrocytes, suggesting that most 
TGF-alpha-producing cells are EGF-R-expressing cells. TGF-alpha and 
EGF-R immunoreactivity decrease in damaged areas following different 
insults. However, EGF-R appears in reactive glia, mostly reactive 
astrocytes, within and surrounding the damaged areas. TGF-alpha and 
EGF-R immunoreactivity is found in neurons of patients affected by 
Alzheimer's disease and other forms of dementia, and in neurons of patients 
suffering from epilepsy owing to different causes, thus pointing to the 
conclusion that TGF-alpha does not play a significant role in these 
pathologies. However, EGF-R immunoreactivity occurs in reactive 
astrocytes and microglia in subacute but not chronic lesions in human 
cases. Since TGFr.alpha is a membrane-anchored growth factor, which may 
be cleaved leading to -the formation of soluble forms, and both the 
membrane-anchored and soluble forms have the capacity to activate the 
EGF-R, it is feasible that TGF-alpha in the nervous system may act upon 
EGF-R-containing neurons through different mechanisms. In addition to 
distant effects resulting from the release of soluble TGF-alpha, local effects 
may be produced by establishing direct cell-to-cell contacts (juxtacrinc 
stimulation), or in cells expressing both TGF-alpha and EGF-R (autocrine 
stimulation). 
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Monoclonal Antibody 806 Inhibits the Growth of Tumor Xenografts Expressing 
Either the de2-7 or Amplified Epidermal Growth Factor Receptor (EGFR) 
but not Wild-Type EGFR 

Rodney B. Luwor, Terrance G. Johns, 1 Carmel Murone, H-J. Su Huang, Webster K. Cavenee, Gerd Ritter, 
Lloyd J. Old, Antony W. Burgess, and Andrew M. Scott 

Ludwig Institute for Cancer Research. Melbourne Branch, Tumour Targeting Program, Austin and Repatriation Medical Centre. Heidelberg 3084, Victoria. Australia [R A L, 
T.G J. CM A. M. 5.J' Epithelial Biochemistry Laboratory, Royal Melbourne Hospital Parkville 3050 Victoria, Australia (A. W. B.J; Ludwig Institute for Cancer Research, San 
Diego Branch, University of California at San Diego. La Jolla. 'California 920934660 [HJ. S H.. W. K CJ; and Ludwig Institute for Cancer Research. New York Branch. New 
York, New York 10021-6007 [G. R t L J. 0.] 



Abstract 

The monoclonal antibody (mAb) 806 was raised against the detta2-7 
epidermal growth factor receptor (de2-7 EGFR or ECFRvIII), a trun- 
cated version of the EGFR commonly expressed In glioma. Unexpectedly, 
mAb 806 also bound the EGFR expressed by cells exhibiting amplification 
of the EGFR gene but not to ccOs or normal tissue expressing the wild-type 
receptor in the absence of gene amplification. The unique specificity of 
mAb 806 offers an advantage over current EGFR antibodies, which all 
display significant binding to the liver and skin in humans. Therefore, we 
examined the antitumor activity of mAb 806 against human tumor xe- 
nografts grown In nude mice. The growth of U87 MG xenografts, a glioma 
cell line that endogenous^ expresses -10 3 EGFRs in the absence of gene 
amplification, was not inhibited by mAb 806. In contrast, mAb 806 
significantly inhibited the growth of U87 MG xenografts transfected with 
the de2-7 EGFR in a dose-dependent manner using both preventative and 
established tumor models. Significantly, U87 MG cells transfected with 
the wild-type EGFR, whkb increased expression to -10* EGFRs/cell and 
mimics the situation of gene amplification, were also inhibited by mAb 806 
when grown as xenografts in nude mice. Xenografts treated with mAb 806 
all displayed large areas of necrosis that were absent in control tumors. 
This reduced xenograft viability was not mediated by receptor down- 
regulation or clonal selection because levels of antigen expression were 
similar in control and treated groups. The antitumor effect of mAb 806 
was not restricted to U87 MG cells because the antibody inhibited the 
growth of new and established A431 xenografts, a cell line expressing 
>I0* EGFRs/celL This study demonstrates that mAb 806 possesses sig- 
nificant antitumor activity. 

Introduction 

Over the past two decades, mAbs 2 have attracted considerable 
interest as potential agents for the treatment of human cancer (1, 2). A 
number of these mAbs have been directed to the EGFR, which given 
its increased expression on the cell surface of many human tumors is 
a candidate for antibody therapy. Overexpression of the EGFR has 
been observed in tumors of the breast, lung, colon, prostate, kidney, 
bladder, head and neck, ovary, and brain (3, 4), with increased EGFR 
expression levels often correlating with a poorer clinical prognosis (5, 
6). Overexpression of the EGFR can be associated with EGFR gene 
amplification, particularly in glioma and head and neck cancer. 
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Some of the current EGFR-specific mAbs are capable of inhibiting 
the in vitro and in vivo growth of epithelial tumor cells overexpressing 
the EGFR by blocking ligand binding (7-10). Although several EGFR 
mAbs have been evaluated for tumor-specific targeting and pharma- 
cokinetics in clinical trials (1 1, 12), their use is restricted by specific 
uptake in organs that have high endogenous levels of EGFR, such as 
the liver and skin (1 1, 13). For example, it would not be possible to 
conjugate such antibodies to cytotoxic agents for the purposes of 
therapy because this would almost certainly cause significant collat- 
eral damage to normal tissue. 

EGFR gene amplification in glioma is often accompanied by gene 
rearrangement, resulting in deletions of the coding region (14). The 
most common variant, the de2-7 EGFR, is characterized by an in- 
frame deletion of 801 bp spanning exons 2-7 of the coding sequence 
(15). This truncation removes 267 amino acids from the extracellular 
domain, producing a unique junctional peptide, and renders the EGFR 
unable to bind any known ligand (4). Despite this, the truncation 
appears to partially mimic the effect of ligand binding because the 
receptor displays low levels of constitutive activation (16). Further- 
more, glioma and breast cells transfected with the de2-7 EGFR have 
enhanced tumorigenicity when grown as xenografts in nude mice (16, 
17). Apart from glioma, the de2-7 EGFR has been identified in breast, 
non-small cell lung, ovarian, and prostate cancer (3, 18, 19) but has 
not been found in normal tissue (20). Therefore, targeting this tumor- 
specific antigen may permit broader therapeutic strategies than is 
possible using wt EGFR-based immunotherapeutic strategies. Indeed, 
several mAbs specific for the unique junctional peptide found in the 
de2-7 EGFR have been described (20-22). 

The de2-7 EGFR specific mAb 806 was produced after immuni- 
zation of mice with NR6 mouse fibroblasts expressing the truncated 
de2-7 EGFR. mAb 806 binds the U87 MG glioma cell line transfected 
with the de2-7 EGFR but not the parental U87 MG cell line, which 
expresses the wt EGFR without gene amplification. 3 Similar results 
were observed in vivo with mAb 806 showing specific targeting of 
de2-7 EGFR expressing U87 MG xenografts but not parental U87 
MG tumors. 3 Interestingly, mAb 806 was capable of binding an 
EGFR subset (-10%) on the surface of the A43I cell line, which 
contains an amplified EGFR gene. Therefore, unlike all other de2-7 
EGFR-specific antibodies, which recognize the unique peptide junc- 
tion that is generated by the de2-7 EGFR truncation, mAb 806 binds 
to an epitope also found in overexpressed wt EGFR. However, it 
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would appear that this epitope is preferentially exposed in the de2-7 
EGFR and a small proportion of receptors expressed in cells contain- 
ing wt EGFR gene amplification. Importantly, normal tissues that 
expresses high levels of endogenous wt EFGR, such as liver and skin, 
are negative for mAb 806 binding. On the basis of the unique property 
of the mAb 806 to bind both the de2-7 and amplified wt EGFR but 
not the native wt EGFR when expressed at normal levels, we decided 
to examine the efficacy of mAb 806 against several tumor cell lines 
grown as xenografts in nude mice. 

Materials and Methods 

Celt Lines and Monoclonal Antibodies. The human glioblastoma cell line 
U87 MG, which endogenousry expresses the wt EGFR, and the transfected cell 
lines U87 MG.A2-7 and U87 MG.wtEGFR, which express the de2-7 EGFR 
and ovcrcxpress the wt EGFR, respectively, have been described previously 
(16, 23). The epidermoid carcinoma cell line A43I has been described previ- 
ously (24). 

All cell lines were maintained in DMEM (DMEM/FI2; Life Technologies, 
Inc., Grand Island, NY) containing 10% FCS (CSL, Melbourne, Victoria, 
Australia), 2 mM glutamine (Sigma Chemical Co., St Louis, MO), and peni- 
rillin/streptomycin (Life Technologies, Inc., Grand Island, NY). In addition, 
the U87 MG.A2-7 and U87 MG.wtEGFR cell lines were maintained in 400 
fig/ml of geneucin (Life Technologies, Inc., Melbourne, Victoria, Australia). 
Cell lines were grown at 37°C in a humidified atmosphere of 5% CO* 

The mAb 806 (IgG2b) was produced after immunization of mice with NR6 
mouse fibroblasts expressing the de2-7 EGFR mAb 806 was selected after 
rosette assays showed binding to NR6 cells, which overexpressed the de2-7 
EGFR (titer of 1 :2500). mAb 528, which recognizes both de2-7 and wt EGFR, 
has been described previously (10) and was produced in the Biological Pro- 
duction Facility (Ludwig Institute for Cancer Research, Melbourne, Victoria, 
Australia) using a hybridoma obtained from American Type Culture Collection 
(Rockville, MD). The DH8J mAb, which is specific for the de2-7 EGFR, was 
kindly provided by Prof. William Gullick (University of Kent and Canteibury, 
Kent, United Kingdom) (19). The polyclonal antibody sc-03 directed to the 
COOH-terminal domain of the EGFR was purchased from Santa Cruz Bio- 
technology (Santa Cruz Biotechnology, Santa Cruz, CA). 

FACS Analysis of Receptor Expression. Cultured parental and trans- 
fected U87 MG cell lines were analyzed for wt and de2-7 EGFR expression 
using the 528, 806, and DH8.3 antibodies. Cells (1 X 10 6 ) were incubated with 
5 figAnl of the appropriate antibody or an iso type-matched negative control in 
PBS containing 1% HSA for 30 min at 4°C. After three washes with PBS/1% 
HSA, cells were incubated an additional 30 min at 4°C with FITC-coupled goat 
antimouse antibody (1:100 dilution; Calbiochem, San Diego, CA). After three 
subsequent washes, cells were analyzed on an Epics Elite ESP (Beckman 
Coulter, Hialeah, FL) by observing a minimum of 20,000 events and analyzed 
using EXPO (version 2) for Windows. 

Scatchard Analysis. The mAb 806 was labeled with ,23 I (Amrad, Mel- 
bourne, Victoria, Australia) by the Chloramine T method. All binding assays 
were performed in 1% HSA/PBS on 1-2 X 10 6 live U87 MG.A2-7 or A43I 
cells for 90 min at 4°C with gentle rotation. A set concentration of 10 ng/ml 
,25 l«labeled mAb 806 was used in the presence of increasing concentrations of 
unlabeled antibody. Nonspecific binding was determined in the presence of 
10,000-fold excess of unlabeled antibody. After incubation, cells were washed 
and counted for bound l23 Mabeled mAb 806 using a COBRA II gamma 
counter (Packard Instrument Company, Meriden, CT). Scatchard analysis was 
done after correction for immunoreactivity. 

Immunoprecipitation Studies. Cells were labeled for 16 h with 100 
ftCi/ml of Tran 35 S-Labe! (1CN Biomedicals, Irvine, CA) in DMEM without 
methionine/cysteine supplemented with 5% dialyzed FCS. After washing with 
PBS, cells were placed in lysis butTer (1% Triton X-100, 30 mM HEPES, 150 
mM NaCI, 500 jiM 4-(2-aminoethyl) benzenesulfonyl fluoride, 150 nM aproti- 
nin, 1 E-64 protease inhibitor, 0.5 mM EDTA, and 1 pM leupeptin, pH 7.4) 
for 1 h at 4°C. Lysates were clarified by centrifugation for 10 min at 12, 
000 X g and then incubated with 5 /*g of appropriate antibody for 30 min at 
4°C before the addition of protein A-Sepharose. lmmunoprecipitates were 
washed three times with lysis butTer, mixed with SDS sample buffer, separated 



by gel electrophoresis using a 7.5% gel that was then dried, and exposed to 
X-ray film. 

Xenograft Models. Consistent with previous reports (23, 25), U87 MG 
cells transfected with de2-7 EGFR grew more rapidly then parental cells and 
U87 MG cells transfected with the wt EGFR. Tumor cells (3 X I0 6 ) in 100 pi 
of PBS were inoculated s.c. into both flanks of 4-6-week-old, female nude 
mice (Animal Research Center, Western Australia, Perth, Australia). Thera- 
peutic efficacy of mAb 806 was investigated in both preventative and estab- 
lished tumor models. In the preventative model, five mice with two xenografts 
each were treated i.p. with cither 0.1 or I mg of mAb 806 or vehicle (PBS) 
starting the day before rumor cell inoculation. Treatment was continued for a 
total of six doses, three times per week for 2 weeks. In the established model, 
treatment was started when tumors had reached a mean volume of 65 mm 3 
(U87 MG.A2-7), 84 mm 3 (U87 MG), 73 mm 3 (U87 MG.wtEGFR), or 201 
mm 3 (A43 1 tumors). Tumor volume in mm 3 was determined using the formula 
(length X width 2 y2, where length was the longest axis and width the meas- 
urement at right angles to the length (26). Data were expressed as mean tumor 
volume ± SE for each treatment group. This research project was approved by 
the Animal Ethics Committee of the Austin and Repatriation Medical Centre. 

Histological Examination of Tumor Xenografts. Xenografts were ex- 
cised at the times indicated and bisected. One half was fixed in 10% formalin/ 
PBS before being embedded in paraffin. Four-pun sections were then cut and 
stained with H&E for routine histological examination. The other half was 
embedded in Tissue Tek OCT compound (Sakura Finetek, Torrance, CA), 
frozen in liquid nitrogen, and stored at -80°C. Thin (5-/im) cryostat sections 
were cut and fixed in ice-cold acetone for 10 min, followed by air drying for 
an additional 10 min. Sections were blocked in protein blocking reagent 
(Lipshaw lmmunon, Pittsburgh, PA) for 10 min and then incubated with 
biotinylatcd primary antibody (1 jig/ml) for 30 min at room temperature. All 
antibodies were biotinylated using the ECL protein biotinylation module 
(Amersham, Baulkham Hills, NSW, Australia), as per the manufacturer's 
instructions. After rinsing with PBS, sections were incubated with a strepta- 
vidin-horseradish peroxidase complex for an additional 30 min (Silenus, Mel- 
bourne, Victoria, Australia). After a final PBS wash, the sections were exposed 
to 3-amino-9-ethylcarbazole substrate [0.1 M acetic acid, 0.1 M sodium acetate, 
0.02 M 3-ammo-9-ethylcarbazole (Sigma Chemical Co., St Louis, MO)] in the 
presence of hydrogen peroxide for 30 rain. Sections were rinsed with water and 
counterstamed with hematoxylin for 5 min and mounted 

Statistical Analysts. The in vivo tumor measurements in mm 3 are ex- 
pressed as the mean ± SE Differences between treatment groups at given time 
points were tested for statistical significance using Student's t test 

Results 

Binding of Antibodies to Cell Lines. To determine the specificity 
of mAb 806, its binding to U87 MG, U87 MG.A2-7, and U87 
MG.wtEGFR cells was analyzed by FACS. An irrelevant IgG2b 
(mAb 100-310 directed to the human antigen A33) was included as 
an isotype control for mAb 806, and the 528 antibody was included 
because it recognizes both the de2-7 and wt EGFR. Only the 528 
antibody was able to stain the parental U87 MG cell line (Fig. 1), 
consistent with previous reports demonstrating that these cells express 
the wt EGFR (16). mAb 806 had binding levels similar to the control 
antibody, clearly demonstrating that it is unable to bind the wt EGFR 
(Fig. 1). Binding of the isotype control antibody to the U87 MG.A2-7 
and U87 MG.wtEGFR cell lines was similar to that observed for the 
U87 MG cells. mAb 806 stained U87 MG.A2-7 and U87 MG. 
wtEGFR cells, indicating that mAb 806 specifically recognized the 
de2-7 EGFR and a subset of the overexpressed EGFR (Fig. !)• As 
expected, the 528 antibody stained both the U87 MG.A2-7 and U87 
MG.wtEGFR cell lines (Fig. 1 ). The intensity of 528 antibody staining 
on U87 MG.wtEGFR cells was much higher than mAb 806, suggest- 
ing that mAb 806 only recognizes a portion of the overexpressed 
EGFR. The mAb 806 reactivity observed with U87 MG.wtEGFR cells 
is similar to that obtained with A431 cells, another cell line that 
overexpresses the wt EGFR. 3 

A Scatchard analysis was performed using U87 MG.A2-7 and 
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Fig. I. How cytometric analysis of parental and transacted U87 MG glioma cell lines. 
Cells were stained with cither an irrelevant )gG2b antibody [open histograms) or the 528 
antibody or mAb 806 (filled histograms) as indicated. 



a preventative xenograft model. Antibody or vehicle was administered 
i.p. the day before tumor inoculation and was given three times per 
week for 2 weeks (sec "Materials and Methods'*). At a dose of I 
mg/injection, mAb 806 had no effect on the growth of parental U87 
MG xenografts that express the wt EGFR (Fig. 3/4). In contrast, mAb 
806 inhibited significantly the growth of 1)87 MG.A2-7 xenografts in 
a dose-dependent manner (Fig. 35). Twenty days after tumor inocu- 
lation, when control animals were sacrificed, the mean tumor volume 
was 1600 ± 180 mm 3 for the control group, a significantly smaller 
500 ± 95 mm 3 for the 0.1 mg/injection group {P < 0.0001) and 
200 ± 42 mm 3 for the 1 mg/injection group (P < 0.0001). Treatment 
groups were sacrificed at day 24, at which time the mean tumor 
volumes were 1300 ± 240 mm 3 for the 0.1 mg treated group and 
500 ± 100 mm 3 for the I mg group {P < 0.005). 

Efficacy of mAb 806 in Established Xenograft Models. Given 
the efficacy of mAb 806 in the preventative xenograft model, its 



A43 1 cells to determine the relative affinity and binding sites for mAb 
806 on each cell line. mAb 806 had an affinity for the de2-7 EGFR 
receptor of 1.1 X 10 9 m" 1 and recognized an average (three separate 
experiments) of 2.4 X 10 s binding sites/cell. In contrast, the affinity 
of mAb 806 for the wt EGFR on A43 1 cells was only 9.5 X 1 0 7 m" 
Interestingly, mAb 806 recognized 2.3 x 10 s binding sites on the 
surface of A431, which is some 10-fold lower than the reported 
number of EGFR found in these cells. To confirm the number of 
EGFR on the surface of our A431 cells, we performed a Scatchard 
analysis using l25 I-labeled 528 antibody. As expected, this antibody 
bound to approximately 2 X 10 6 sites on the surface of A431 cells. 
Thus, it appears that mAb 806 only binds a portion of the EGFR 
receptors on the surface of A43 1 cells. Importantly, l25 l-labeled mAb 
806 did not bind to the parental U87 MG cells at all, even when the 
number of cells was increased to 1 X 10 7 . 

Immunoprecipitations. We further characterized mAb 806 reac- 
tivity in the various cell lines by immunoprecipitation after 35 S- 
Iabeling using mAb 806, sc-03 (a commercial polyclonal antibody 
specific for the COOH-terminal domain of the EGFR) and a IgG2b 
isotype control. The sc-03 antibody immunoprecipitated three bands 
from U87 MCA2 r 7 cells, a doublet corresponding to the two de2-7 
EGFR bands observed in these cells and a higher molecular weight 
band corresponding to the wt EGFR (Fig. 2). In contrast, although 
mAb 806 immunoprecipitated the two de2-7 EGFR bands, the wt 
EGFR was completely absent (Fig. 2). The pattern seen in U87 
MG.wtEGFR and A431 ceils was essentially identical. The sc-03 
antibody immunoprecipitated a single band corresponding to the wt 
EGFR from both cell lines (Fig. 2). The mAb 806 also immunopre- 
cipitated a single band corresponding to the wt EGFR from both U87 
MG.wtEGFR and A431 cells (Fig. 2). Consistent with the FACS and 
Scatchard data, the amount of EGFR immunoprecipitated by mAb 806 
was substantially less than the total EGFR present on the cell surface. 
Given that mAb 806 and the sc-03 immunoprecipitated similar 
amounts of the de2-7 EGFR, this result supports the notion that the 
mAb 806 antibody only recognizes a portion of the EGFR in cells 
overexpressing the receptor. Comparisons between mAb 806 and the 
528 antibody showed an identical pattern of reactivity (data not 
shown). An irrelevant IgG2b (an isotype control for mAb 806) did not 
immunoprecipitate EGFR from any of the cell lines (Fig. 2). Using 
identical conditions, mAb 806 did not immunoprecipitate the EGFR 
from the parental U87 MG cells (data not shown). 

Efficacy of mAb 806 in Preventative Models. mAb 806 was 
examined for efficacy against U87 MG and 1187 MG.A2-7 tumors in 
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Fig. 2. rmmunoprccipita&on of EGFR from cdl lines. The EGFR was immunopre- 
cipitated from JS S-labded U87 MG.wtEGFR. U87 MG A2-7, and A431 cells with mAb 
806 (806), sc-03 antibody (c-term\ or a JgG2b isotype control (con) as described in 
"Materials and Methods." Arrows, position of the de2-7 and wt EGFR. Identical banding 
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Fig. 3. Antitumor effect of mAb 806 on U87 MG (A) and U87 MGA2-7 (8) xenograft 
growth rates in a preventative model. U87 MG or U87 MG.A2-7 cells (3 x 10*) were 
injected s.c. into both flanks of 4-6-wcck-old BALB/c nude mice (n = 5) at day 0. Mice 
were injected i.p. with cither 1 mg of mAb 806 (•), 0.1 mg of mAb 806 (A), or vehicle 
(O) starting 1 day prior to tumor cell inoculation. Injections of mAb 806 were given three 
times/week for 2 weeks (arrows). Data are expressed as mean tumor volume; bars, SE. 
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Ftg. 4. Antitumor effect of mAb 806 on U87 MG (Al U87 MG.A2-7 <£), and U87 
M&wtEGFR (Q xenografts in an established model U87 MG. U87 MG.A2-7. or U87 
MG.wtEGFR cells (3 X 10*) were injected ic into both flanks of 4-6-wcek-old BALB/c 
nude mice (» = 5). Mice were injected i.p. with either 1-mg doses of mAb 806 (•), 
0.1-mg doses of mAb 806 (A), or vehicle (O) starting when tumors had reached a mean 
tumor volume of 65-84 mm 3 . Injections were given three times/week for 2 weeks 
{arrows). Data are expressed as mean tumor volume; bars. SE. 



ability to inhibit the growth of established tumor xenografts was 
examined. Antibody treatment was as described in the preventative 
model, except that it commenced when tumors had reached a mean 
tumor volume of 65 mm 3 (10 days after implantation) for the U87 
MG.A2-7 xenografts and 84 mm 3 (19 days after implantation) for the 
parental U87 MG xenografts. Once again, mAb 806 bad no effect on 
the growth of parental 1)87 MG xenografts, even at a dose of 1 
mg/injection (Fig. 44). In contrast, mAb 806 significantly inhibited 
the growth of U87 MG.A2-7 xenografts in a dose-dependent manner 
(Fig. 4B). At day 17, 1 day before control animals were sacrificed, the 
mean tumor volume was 900 ± 200 mm 3 for the control group, 
400 ± 60 mm 3 for the 0.1 mg/injection group (P < 0.01), and 
220 ± 60 mm 3 for the 1 mg/injection group {P < 0.002). Treatment 
of U87 MG. A2-7 xenografts with an IgG2b isotype control had no 
effect on tumor growth (data not shown). 

To examine whether the growth inhibition observed with mAb 806 
was restricted to cells expressing de2-7 EGFR, its efficacy against the 
U87 MG.wtEGFR xenografts was also examined in an established 



model. These cells serve as a model for tumors containing amplifi- 
cation of the EGFR gene without de2-7 EGFR expression. mAb 806 
treatment commenced when tumors had reached a mean tumor vol- 
ume of 73 mm 3 (22 days after implantation). mAb 806 significantly 
inhibited the growth of established U87 MG.wtEGFR xenografts 
when compared with control tumors treated with vehicle (Fig. 4Q. On 
the day control animals were sacrificed, the mean tumor volume was 
1000 ± 300 mm 3 for the control group and 500 ± 80 mm 3 for the 
group treated with 1 mg/injection (P < 0.04). 

Histological and Immunohistocheraical Analysts of Established 
Tumors. To evaluate potential histological differences between mAb 
806-treated and control U87 MG.A2-7 and U87 MG.wtEGFR xe- 
nografts, formalin-fixed, paraffin-embedded sections were stained 
with H&E (Fig. 5). Areas of necrosis were seen in sections from mAb 
806-treated U87 MG.A2-7 (mAb 806-treated xenografts were col- 
lected 24 days after tumor inoculation and vehicle treated xenografts 
at 18 days), and U87 MG.wtEGFR xenografts (mAb 806 xenografts 
were collected 42 days after tumor inoculation and vehicle treated 
xenografts at 37 days; Fig. 5). This result was consistently observed in 
a number of tumor xenografts (n = 4 for each cell line). However, 
sections from U87 MG.A2-7 and U87 MG.wtEGFR xenografts 
treated with vehicle (n = 5) did not display the same areas of necrosis 
seen after mAb 806 treatment (Fig. 5). Vehicle and mAb 806-treated 
xenografts removed at identical times also showed these differences in 
tumor necrosis (data not shown). Thus, the increase in necrosis 
observed was not caused by the longer growth periods used for the 
mAb 806-treated xenografts. Furthermore, sections from mAb 806- 
treated U87 MG xenografts were also stained with H&E and did not 
reveal any areas of necrosis (data not shown), further supporting the 
hypothesis that mAb 806 binding induces decreased cell viability, 
resulting in increased necrosis within tumor xenografts. 

An immunohistochemical analysis of U87 MG, U87 MG.A2-7, and 
U87 MG.wtEGFR xenograft sections was performed to determine the 
levels of de2-7 and wt EGFR expression after mAb 806 treatment 
(Fig. 6). As expected, the 528 antibody stained all xenografts sections 
with no obvious decrease in intensity between treated and control 
tumors (Fig. 6). Staining of U87 MG sections was undetectable with 
the mAb 806; however, positive staining of U87 MG.A2-7 and U87 
MG.wtEGFR xenograft sections was observed (Fig. 6). There was no 
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Fig. 5. Representative H&E-staincd paraffin sections of U87 MG.A2-7 and U87 
MG.wtEGFR xenografts. U87 MG.A2-7 (collected 24 days after tumor inoculation) and 
U87 MG.wtEGFR (collected 42 days after tumor inoculation) xenografts were excised 
from mice treated as described in Fig. 4 and stained with H&E Vehicle-treated U87 
MG.A2-7 (collected 1 8 days after tumor inoculation) and U87 MG.wtEGFR (collected 37 
days after tumor inoculation) xenografts showed very few areas of necrosis [left pone/), 
whereas extensive necrosis {arrows) was observed in both U87 MG.A2-7 and U87 
MG.wtEGFR xenografts treated with mAb 806 (right panel). 
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Fig. 6. Immunohistochcmical analysis of EGFR 
expression in frozen sections derived from U87 
Ma U87 MG.A2-7, and U87 MCwtEGFR xe- 
nografts. Sections were collected at the time points 
described in Fig. 5. Xenograft sections were immu- 
noslaincd with the 528 antibody {left panel) and 
mAb 806 (right pancf). No decreased immunorc- 
activity to either wt EGFR, amplified EGFR. or 
de2-7 EGFR was observed in xenografts treated 
with mAb 806. Consistent whh the in vitro data, 
parental U87 MG xenografts were positive for S28 
antibody but were negative for mAb 806 staining. 
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difference in mAb 806 staining intensity between control and treated 
U87 MG.A2-7 and U87 MG.wtEGFR xenografts, suggesting that 
antibody treatment does not lead to the selection of clonal variants 
lacking mAb 806 reactivity. 

Treatment of A431 Xenografts with mAb 806. To demonstrate 
that the antitumor effects of mAb 806 were not restricted to U87 MG 
cells, the antibody was administrated to mice containing A431 xe- 
nografts. These cells contain an amplified EGFR gene and express 
approximately 2 X 10 6 receptors/cells. We have previously shown 
that mAb 806 binds -10% of these EGFRs and targets A431 xe- 
nografts. 3 mAb 806 significantly inhibited the growth of A43I xe- 
nografts when examined in the preventative xenograft model de- 
scribed previously (Fig. 1A). At day 13, when control animals were 
sacrificed, the mean tumor volume was 1400 ± 150 mm 3 in the 
vehicle-treated group and 260 ± 60 mm 3 for the 1 mg/injection 
treatment group (P < 0.0001). In a separate experiment, a dose of 0.1 
mg of mAb also inhibited significantly (P < 0.05) the growth of A43 1 
xenografts in a preventative model (data not shown). 

Given the efficacy of mAb 806 in the preventative A431 xenograft 
model, its ability to inhibit the growth of established tumor xenografts 
was examined. Antibody treatment was as described in the prevent- 
ative model, except it was not started until tumors had reached a mean 
tumor volume of 200 ± 20 mm 3 . mAb 806 significantly inhibited the 
growth of established A431 xenografts (Fig. 75). At day 13, the day 
control animals were sacrificed, the mean tumor volume was 
1 100 ± 1 00 mm 3 for the control group and 450 ± 70 mm 3 for the 1 
mgrtnjection group (P < 0.0001). 

Discussion 

Many epithelial cancers display increased levels of EGFR expres- 
sion on the cell surface, and numerous experiments with EGFR mAbs 
have shown that they inhibit tumor cell growth both in vitro and in 
vivo (7, 9, 10, 27). Furthermore, clinical studies using EGFR mAbs in 
patients with head and neck cancer (28), squamous cell lung cancer 
(12), gliomas (29), and malignant astrocytomas (30) have all been 
conducted. However, the clinical use of these antibodies is compli- 
cated by liver uptake, as reported in a Phase I clinical trial (12). 

An alternative and more specific target for antibody therapy is the 
tumor-specific de2-7 EGFR, which unlike the wt EGFR, is absent in 



normal tissue (4, 14). A number of mAbs have been raised to the 
unique junctional peptide found in the de2-7 EGFR; these mAbs do 
not recognize the wt receptor (20-22) and specifically target de2-7 
EGFR-positive xenografts grown in nude mice (31, 32). The use of 
these antibodies should not be complicated by uptake in normal 
tissues, such as liver and skin However, with the exception of 
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Fig. 7. Antitumor effect of mAb 806 on A431 xenografts in preventative (A) and 
established (B) models. A431 cells (3 x 10*) were injected s.c. into both flanks of 
4-6-wcck-old BALB/c nude mice (» = 5). Mice were injected Lp. with cither l-mg doses 
of mAb 806 (•) or vehicle (O), starting 1 day prior to tumor cell inoculation in the 
preventative model, or when tumors had reached a mean rumor volume of 200 mm 3 . 
Injections were given three times/week for 2 weeks (arrows). Data are expressed as mean 
tumor volume; ban. SE. 
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gliomas, only a small percentage of most carcinomas express the 
de2-7 EGFR, apparently restricting the use of such antibodies. We 
have shown previously 3 that mAb 806 targets both de2-7 EGFR- 
transfected U87 MG xenografts and A431 xenografts that overexpress 
the wt EGFR. mAb 806 did not target parental U87 MG cells, which 
express - JO 5 EGFR 3 ( 16). As assessed by FACS, immunohistochem- 
istry, and immunoprecipitation, we now demonstrate that mAb 806 is 
also able to specifically bind U87 MG.wtEGFR cells, which express 
>I0 6 EGFRs/cell. Thus, the previous observed binding of mAb 806 
to A43 1 cells is not the result of some unusual property of these cells 
but rather appears to be a more general phenomenon related to 
overexpression of the wt EGFR. 

Our data cannot completely exclude the possibility that mAb 806 
binds to the wt EGFR with low affinity, however, for several reasons 
we favor the hypothesis that mAb 806 recognizes a subset of receptors 
in cells over-expressing the receptor 

(a) We were unable to detect mAb 806 binding to the parental U87 
MG cell line, which expresses 1 X 10 5 wt EGFRs/cell (16), either by 
FACS, immunoprecipitation, irnrnunohistochenustry, or with iodi- 
nated antibody. Indeed, iodinated mAb 806 did not bind to U87 MG 
cell pellets containing 1 X I0 7 cells, which based on the Scatchard 
data using 1 X 10* A431 cells, are conditions that should detect low 
level antibody binding (/.e. the total number of receptors being 
similar in both cases). 

(b) Scatchard analysis clearly showed that mAb 806 only bound to 
10% of the total EGFR on the surface of A431 cells. If mAb 806 
simply binds to the wt EGFR with low affinity, then it should have 
bound to a considerably higher percentage of the receptor. 

(c) Comparative immunoprecipitation of the A43I and U87 MG. 
wtEGFR cell lines with mAb 806 and the sc-03 antibody also sup- 
ported the hypothesis that only a subset of receptors are recognized by 
mAb 806. Taken together, these results support the notion that mAb 
806 recognizes a EGFR subset on the surface of cells overexpressing 
the EGFR. We are currently analyzing the EGFR imrmmoprecipitated 
by mAb 806 to see if it displays altered biochemical properties related 
to glycosylation or kinase activity. 

The xenograft studies with mAb 806 described here demonstrate 
dose-dependent inhibition of U87 MG.A2-7 xenograft growth. In 
contrast, no inhibition of parental U87 MG xenografts was observed, 
despite the fact that they continue to express the wt EGFR in vivo. 
mAb 806 not only significantly reduced xenograft volume, it also 
induced significant necrosis within the tumor. As noted above, other 
de2-7 EGFR-specific mAbs have been generated (20-22), but this is 
the first report showing the successful therapeutic use of such an 
antibody in vivo against a human de2-7 EGFR-expressing glioma 
xenograft. A recent report demonstrated that the de2-7 EGFR-specific 
YI0 mAb had in vivo antitumor activity against murine B16 mela- 
noma cells transfected with a murine homologue of the human de2-7 
EGFR (33). YIO mediated in vitro cell lysis (>90%) of BI6 mela- 
noma cells expressing the de2-7 EGFR in the absence of complement 
or effector cells. In contrast to their in vitro observations, the in vivo 
Y10 antibody efficacy was completely mediated through Fc function 
when using B16 melanoma cells grown as xenografts in an immuno- 
competent model. Thus, the direct effects observed in vitro do not 
seem to be replicated when cells are grown as tumor xenografts. 

Overexpression of the EGFR has been reported in a number of 
different tumors and is observed in most gliomas (4, 14). It has been 
proposed that the subsequent EGFR overexpression mediated by 
receptor gene amplification may confer a growth advantage by in- 
creasing intracellular signaling and cell growth (34). The U87 MG cell 
line was transfected with the wt EGFR to produce a glioma cell that 
mimics the process of EGFR gene amplification. Treatment of estab- 
lished U87 MG.wtEGFR xenografts with mAb 806 resulted in sig- 



nificant growth inhibition. Thus, mAb 806 also mediates in vivo 
antitumor activity against cells overexpressing the EGFR. Interest- 
ingly, mAb 806 inhibition of U87 MG.wtEGFR xenografts was less 
pronounced than that observed with U87 MG.A2-7 tumors. This 
probably reflects the fact mat mAb 806 has a lower affinity for the 
overexpressed wt EGFR and only binds a small proportion of recep- 
tors expressed on the ceil surface. 3 However, it should be noted that 
despite the small effect on U87 MG.wtEGFR xenograft volumes, 
mAb 806 treatment produced large areas of necrosis within these 
xenografts. To exclude the possibility that mAb 806 only mediates 
inhibition of the U87 MG-derived cell lines, we tested its efficacy 
against A431 xenografts. This squamous cell carcinoma-derived cell 
line contains significant EGFR gene amplification, which is retained 
both in vitro and in vivo. Treatment of A43 1 xenografts with mAb 806 
produced significant growth inhibition in both a preventative and 
established model, indicating the antitumor effects of mAb 806 are not 
restricted to transfected U87 MG cell lines. 

Complete prevention of A431 xenograft growth by antibody treat- 
ment has been reported previously. The wt EGFR mAbs 528, 225, and 
425 all prevented the formation of A431 xenografts when adminis- 
tered either on the day or 1 day after tumor inoculation (9, 10). The 
reason for this difference in efficacy between these wt EGFR anti- 
bodies and mAb 806 is not known but may be related to the mecha- 
nism of cell growth inhibition. The wt EGFR antibodies function by 
blocking ligand binding to the EGFR, but this is probably not the case 
with mAb 806 because it only binds a small EGFR subset, on the 
surface of A431 cells. The significant efficacy of mAb 806 against 
U87 MG cells expressing the ligand-independent de2-7 EGFR further 
supports the notion that this antibody mediates its antitumor activity 
by a mechanism not involving ligand blockade. Therefore, we are 
currently investigating the nonimmunological and immunological 
mechanisms that contribute to the antitumor effects of mAb 806. 
Nonimmunological mechanisms may include subtle changes in re- 
ceptor levels, blockade of signaling, or induction of inappropriate 
signaling. 

Previously, agents such as doxorubicin and cisplatin in conjunction 
with wt EGFR antibodies have produced enhanced antitumor activity 
(35, 36). The combination of doxorubicin and mAb 528 resulted in 
total eradication of established A431 xenografts, whereas treatment 
with either agent alone caused only temporary in vivo growth inhibi- 
tion (36). Likewise, the combination of cisplatin and either mAb 528 
or 225 also led to the eradication of well-established A43 1 xenografts, 
which was not observed when treatment with either agent was used 
(35). Thus, future studies involving the combination of chemothera- 
peutic agents with mAb 806 are planned using xenograft models. 

Maybe the most important advantage of mAb 806 compared with 
current EGFR antibodies is that it should be possible to directly 
conjugate cytotoxic agents to mAb 806. This approach is not feasible 
with current EGFR-specific antibodies because they target the liver 
and cytotoxic conjugation would almost certainly induce severe tox- 
icity. Given that mAb 806 failed to bind U87 MG cells expressing 
I X 10 5 EGFRs and our initial immunobistochemical analysis show- 
ing that mAb 806 does not bind normal liver, we believe that it is 
unlikely this antibody will target normal liver. However, formal 
demonstration of this requires ongoing analysis and ultimately clinical 
trials in cancer patients. Conjugation of cytotoxic agents such as drugs 
(37) or radioisotopes (38) to antibodies has the potential to improve 
efficacy and reduce the systemic toxicity of these agents. Further- 
more, it is likely that the direct antitumor effects of mAb 806 reported 
here would be further enhanced by the coupling of appropriate cyto- 
toxics. 

This study clearly demonstrates that mAb 806 has significant in 
vivo antitumor activity against de2-7 EGFR-positive xenografts and 
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tumors overexprcssing Ihe EGFR. The unique specificity of mAb 806 
suggests immunotherapeutic potential in targeting a number of tumor 
types, particularly head and neck tumors and glioma, without the 
restrictions associated with normal tissue uptake. Finally, given that 
systemic administration of mAb 806 inhibits the growth of intracra- 
nial glioma xenografts, 4 we plan to conduct clinical trials with mAb 
806 in patients with glioma. 
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IMMUNOHISTO CHEMICAL COMPARATIVE 
ANALYSIS OF TRANSFORMING GROWTH 
FACTOR a, EPIDERMAL GROWTH FACTOR, AND 
EPIDERMAL GROWTH FACTOR RECEPTOR IN 
NORMAL, HYPERPLASTIC AND NEOPLASTIC 
HUMAN PROSTATES 

Maria P. De Miguel, 1 Mar Royuela, 1 Ferrnin R. Bethencourt, 2 Antonio Ruiz, 3 
Benito Fraile, 1 Ricardo Paniagua 1 



Immunoreaction to TGF-a was limited to the basal epithelial cells of focal areas in the normal 
prostates. In benign prostatic hyperplasia (BPH) the immunostained areas were more wide- 
spread and immunolabelling was observed in both basal and columnar (secretory) cells of the 
epithelium. Some cells in the connective tissue stroma were also stained. In prostatic adenocar- 
cinoma, epithelial immunostaining was even more extensive and intense than in BPH, and some 
stromal cells were also stained. Epidermal growth factor (EGF) immunostaining was only 
present in some basal cells in normal prostates. In BPH, this immunoreaction was strong in the 
basal cells and even stronger in the secretory cells. In prostatic cancer, the intensity of epithelial 
cell immunoreactivity was intermediate between that of normal prostates and that of BPH 
specimens. EGF-receptor immunostaining was focal and located in the basal cells in normal 
prostates. In BPH, labelling was also localized in basal cells but extended to wider areas. Some 
stromal cells appeared weakly labelled. In the prostatic carcinoma, both basal and columnar 
cells appeared stained and the number of immunolabelled stromal cells was higher than in BPH. 
The results presented suggest that, in normal conditions, EGF and TGF-a act as autocrine 
growth factors for the basal cells of the prostatic epithelium. In BPH this action is maintained 
and, in addition, the columnar cells start to secrete both factors which are bound by the basal cell 
receptors, giving rise to a paracrine regulation which probably overstimulates basal cell 
proliferation. In prostatic carcinoma, besides these regulatory mechanisms, the acquisition of 
EGF-receptors by the secretory cells develops an autocrine regulation which might induce their 
proliferation. 

© 1999 Academic Press 



Epidermal growth factor (EGF) is a 6-kDa 
polypeptide 1 which stimulates proliferation and 
keratinization of epithelial tissues in in vivo and in 
vitro conditions. 2 It is produced by a variety of normal 
cells in different tissues and has been isolated in most 
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organic fluids including human urine, 3 prostatic 
secretion and seminal fluid. 4 Transforming growth 
factor a (TGF-a) is a 5-kDa polypeptide which shares 
35% of its amino acid sequence with EGF. 5,6 Unlike 
EGF, TGF-a is produced by malignant cells, including 
those transfected by viruses. 7 The EGF-receptor 
(EGFR) is an intrinsic membrane glycoprotein of 
170 kDa. 8 The use of the same receptor by TGF-a with 
a similar affinity 9 implies the intracellular transduction 
of the same signal. 10 

Prostatic epithelial cells synthesize EGF 11 and 
TGF-a. 12 Immunohistochemical localization of EGF 
in benign prostatic hyperplasia (BPH) and prostate 
cancer was reported by Fowler et alP EGFRs have 
been identified in the cytoplasm of normal human 
prostate cells 14 and in the membrane fraction of 
prostatic tissue from men with BPH 15 or prostatic 
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TABLE 1. Comparison of immunostaining intensities of the 
prostatic epithelium (measured as optical density) in normal 
prostate, henign prostatic hyperplasia, and prostatic adeno- 
carcinoma 



Immunostaining 




Benign prostatic 


Prostatic 


Normal men 


hyperplasia 


adenocarcinoma 


TGF-ct 


5.40 ± l.l" 


8.G4±2.2 b 


8.30±2.4 b 


EGF 


0.72 ±0.1° 


4.49 ± 0.9 b 


2.96 ± I. T 


EGFR 


5.70±1.5 a 


6.35 ±2.3* 


8.04±2.0 b 



For each immunostaining, values with different superscript letters differ 
significantly between them CP^O.05). 



carcinoma. 16 Comparative immunohistochemical 
studies on these growth factors in normal prostate, 
BPH and prostatic carcinoma are partial for reasons 
that include: the lack of normal prostatic tissue for 
comparison purposes, the impossibility of using an 
animal model, since laboratory animals do not develop 
prostatic carcinoma, and our relatively poor knowl- 
edge of the growth factors and their receptors that 
control the normal development of the prostate. 



RESULTS 

The results from tests used to check the specificity 
of the three antibodies used were positive. No 
immunoreaction was observed in the negative 
controls incubated with pre-immune serum or anti- 
chloramphenicol. Staining of skin sections was posi- 
tive. The results of ELISA showed a linear correlation 
between the increasing concentrations of the homogen- 
ized tissues and their respective optical densities. Com- 
parison of prostates obtained during surgery with 
those from autopsies showed neither histological nor 
immunohistochemical changes. In the normal pros- 
tates, no differences in immunostaining affinity 
were observed between prostatic regions (central, 
intermediate and peripheral). 

The results of the semiquantitative comparative 
analysis are summarized in Table 1 . 

In the normal prostates, immunoreaction to 
TGF-a was limited to focal areas that appeared inter- 
mingled with the unstained areas. In the stained areas, 
labelling was only observed in the basal epithelial cells 
(Fig. I). In BPH, the immunostained areas were more 
widespread and immunolabelling was observed in both 
basal and columnar (secretory) cells of the epithelium. 
Some cells in the connective tissue stroma were 
also stained (Fig. 2). In prostatic adenocarcinoma 
immunostaining was even more extensive. Although 
distinction between basal cells and columnar cells were 
less evident than in the other groups, all the epithelial 



cells and some stromal cells were intensely immuno- 
stained (Fig. 3). 

In normal prostates, EGF immunostaining was 
absent or only present in some basal cells (Fig. 4). In 
contrast, in BPH this immunoreaction was strong in 
the basal cells and even stronger in the secretory cells 
of the prostatic epithelium (Fig. 5). Prostatic secretions 
also appeared intensely labelled. In prostatic cancer 
sections, the EGF immunoreactivity of the epithelial 
cells was more intense than in normal prostates and 
weaker than in BPH (Fig. 6). No positive immuno- 
eaction to EGF was observed in the stroma in any of 
the three prostate types studied. 

In normal prostates, immunostaining to EGFR 
only appeared in some zones, that were intermingled 
with the unstained areas and was exclusively localized 
in the basal epithelial cells (Fig. 7). In BPH, labelling 
was also in basal cells but extended to wider areas. In 
addition, some stromal cells appeared weakly labelled 
(Fig. 8). In the prostatic carcinoma specimens, the 
immunolabelled areas were even wider and all the 
epithelial cells in these areas appeared intensely 
stained. In the connective tissue stroma, the number of 
immunolabelled cells was higher than in BPH and their 
staining was more intense (Fig. 9). 



DISCUSSION 

Harper et al} 1 found that immunohistochemical 
reaction to TGF-a was very low in BPH and increased 
in prostate cancer. In the normal prostates evaluated in 
this study, TGF-a protein was expressed exclusively 
in the basal epithelial cells. In BPH the columnar 
secretory cells were also labelled. In prostatic carci- 
noma immunostaining was more intense than in 
BPH. This agrees with the opinion that autocrine 
production of TGF-a is characteristic of prostatic 
tumour cells. 18 

Previous results on EGF in BPH and prostatic 
cancer are controversial and in any of them compari- 
sons with normal prostatic tissue have been performed. 
Using immunohistochemistry, Fowler et alP identified 
EGF staining in the prostate only in 6% of BPH 
patients compared with 68% of prostate cancer 
patients. In contrast, radioimmunoassay quantitations 
by Habib 19 and Shaikh et al. 20 found significantly 
higher levels of EGF in patients with BPH than in 
prostatic cancer patients. These results agree with those 
reported here. 

The results of previous studies on EGFR in BPH 
and prostatic carcinoma are also discrepant. Several 
authors 21 " 23 have reported that the number of EGFR 
positive cells is higher in BPH than in prostate carci- 
noma. In contrast, in tumour cell line cultures, EGFR 
expression increases with malignant potential 24 * 25 and 
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Figures 1-9. Paraffin embedded sections of the prostate immunostained to TGF-a. (Figs 1-3), to EGF (Figs 4-6) or to EGFR (Figs 7-9) 
Figure 1: In the normal prostate the basal epithelial cells (arrowheads) are intensely immunostained x 425 
Figure 2: Both basal cells and columnar secretory cells are stained in BPH. x 330. 

Figure 3: In prostatic adenocarcinoma epithelial immunostaining is more intense and some stroma cells (star) are also stained x 240 
Figure 4: In the normal prostate epithelial immunostaining is weak and limited to some basal (arrowheads) cells, x 320 
Figure 5: Basal cells (arrowheads) and columnar cells (arrows) are stained in BPH. x 240. 

Figure 6: In prostatic adenocarcinoma epithelial cells are also immunostained (arrows) but labelling is less intense than in BPH x 20 

Figure 7: In the normal prostate the basal epithelial cells are intensely immunostained (arrowheads), x 310. 

Figure 8: In addition to basal cells (arrowheads), some stromal cells (star) are immunostained in BPH. x 500. 

Figure 9: The epithelium and some stromal cells (star) are intensely immunostained in prostatic adenocarcinoma x 300 

Reproduced at 85%. 



EGFR mRNA levels were found to be slightly higher 
in prostatic cancer patients than in BPH. 23,26 In other 
studies, the levels of EGF binding were similar in both 



groups. 27 In the present study, the immunostaining 
pattern of EGF receptor differs from that of their 
ligands, and the intensity of EGFR immunostaining 
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was higher in prostatic carcinoma than in BPH and 
normal prostates. 

There have been some studies on the intra- 
epithelial localization of EGFR. In an immunohisto- 
chemical study of BPH, prostatic intraepithelial 
neoplasia (PIN) and prostatic carcinoma, Ibrahim 




et a!} 1 and Maddy et a/. 28 observed that EGFR 
immunoreactivity only appeared in the basal cells of 
the prostatic epithelium in both BPH and prostate 
cancer. In the present study, in the normal prostate and 
BPH, immunostaining to this receptor was only seen in 
basal cells whereas, in the prostatic carcinoma, the 
whole epithelium and some stromatic cells were 
strongly immunostained. Cohen et al} 9 found that, 
in normal prostates and BPH specimens, EGFR 
immunostaining was localized in the epithelial cells 
and TGF-a in the stromal cells, whereas in about 
half of the adenocarcinomas examined there was 
co-expression of the receptor and the ligand. Scher 
et al?° found this co-expression in epithelial tumour 
cells but only in specimens obtained from hormone- 
refractory metastases and not in primary prostatic 
tumours. These findings suggest that in primary 
tumours a paracrine pattern of growth factor stimula- 
tion predominates, whereas in androgen-independent 
disease a shift towards an autocrine stimulatory loop 
occurs. 

The results reported here suggest the following 
hypothesis. In normal conditions, EGF and TGF-a act 
as autocrine growth factors for the basal cells of the 
prostatic epithelium (Fig. 10A). In BPH this action is 
maintained and, in addition, the columnar cells start to 
secrete both factors which are bound by the basal cells, 
giving rise to a paracrine regulation which probably 
overstimulates basal cell proliferation (Fig. 10B). In 
prostatic carcinoma, besides these regulatory mech- 
anisms, the acquisition of EGFRs by the secretory cells 
develops an autocrine regulation which might induce 
their proliferation (Fig. IOC). 

This interpretation is supported by previous data. 
It has been suggested that expression of TGF-a and its 
receptor by human prostate cancer cells could confer 
them a growth advantage, leading to its autonomous 
growth. 7 A marked epithelial dysplasia resembling 
carcinoma-in-situ cells has been observed in the 
anterior prostate of transgenic mice overexpressing 
TGF-a, 31 and suggests that overproduction of this 
factor contributes to continuous cell proliferation and 
transformation. 32 To achieve transformation, EGFR 



Figure 10. Possible actions of TGF-a, EGF and EGFR on the human 
prostate. 

A: In normal conditions, TGF-a and EGF are secreted by basal 
epithelial cells which also possess receptors for these factors (EGFR), 
giving rise to an autocrine stimulation of basal cell proliferation 
(epithelial cell renewal). B: In benign prostatic hyperplasia, the 
columnar secretory cells also secrete these factors, giving rise to a 
paracrine overstimulation of basal celJs. The excessive proliferation 
of these cells might be the cause of hyperplasia. C: In prostatic 
adenocarcinoma, in addition to the autocrine and paracrine stimu- 
lations of basal cells, the columnar cells— which have developed 
EGFRs— undergo an autocrine stimulation and thus, proliferation 
of the usually non-proliferative columnar cells also might occur. 
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must be expressed at high levels in addition to being in 
the presence of activating ligand. 33 In our study, 
EGFR is overexpressed in all epithelial cells of the 
prostatic epithelium in the cancer samples. A mech- 
anism for hyperproliferation is an unscheduled auto- 
crine ligand synthesis by pre-malignant cells. 34 In our 
study, an important ligand might be TGF-a, which 
appears in the secretory cells of BPH specimens while it 
is completely absent in normal prostate and increases 
to higher levels in prostatic carcinoma. 



MATERIALS AND METHODS 

The prostates from 30 men (aged from 60 to 80 years) 
were obtained by surgery. Fifteen of these men were clinically 
and histopathologically diagnosed of BPH, and the other 15 
men presented prostatic adenocarcinoma (Gleeson grading 
3). In addition, 10 prostates from 20-50-year-old men with- 
out reproductive, endocrine and related diseases were 
obtained between 8 and 10 h after death in autopsies. Five of 
these men showed BPH and the other five men presented 
histologically normal prostates. 

Tissues were fixed for 24 h in a 0.1 M phosphate- 
buffered 10% formaldehyde solution, dehydrated and embed- 
ded in paraffin. Sections (5 um in thickness) were processed 
following the alkaline phosphatase-conjugated streptavidin 
complex or the avidin-biotin-peroxidase complex methods. 
In brief, following deparaffinization, sections were hydrated 
and, in the case of the avidin-biotin-peroxidase complex 
method, incubated for 20 min in 0.3% H 2 0 2 in methanol to 
reduce endogenous peroxidase activity. The sections were 
incubated overnight at 4°C with the primary antibodies (all 
from Santa Cruz Biotechnologies, Santa Cruz, CA, USA) 
diluted in Tris-buffered saline (TBS) containing 0-5% BSA. 
The primary antibodies used and the dilutions found to be 
optimal for this study were: anti-EGF antibody, at 1:25; anti 
TGF-a antibody, at 1:25; and anti-EGFR antibody, at 1:250. 
Afterwards, the sections were washed twice in TBS and then 
incubated with goat anti-rabbit (EGF and EGFR) or goat 
anti-mouse (TGF-a) biotinylated immunoglobulins (Bio- 
genex, San Ramon, CA, USA). After 1 h of incubation at 
37*C with the second antibody, the sections were incubated 
with phosphatase-antiphosphatase complex (Biogenex) or 
avidin-biotin-peroxidase complex (Vector Laboratories, 
Burlingame, CA, USA) for 30 min at room temperature, 
developed with Fast Red (Biogenex-supersensibility complex 
Kit) or with diaminobenzidine (Sigma, Barcelona, Spain), 
and mounted in Crystal/mount aqueous dry mounting 
medium (Biomeda, Foster City, CA, USA) or dehydrated 
and mounted in DePex (Probus, Badalona, Spain). After- 
wards, some sections were counterstained with Mayer's 
haematoxylin for 2 min. Care was always taken to develop 
the sections of the different specimens for exactly the same 
time. 

The specificity of the immunohistochemical procedures 
was checked by using negative and positive control sections. 
For negative control of the immunoreactions, adjacent 
sections of each type (normal, BPH and prostatic cancer) 



were incubated with pre-immune rabbit serum (for EGF and 
EGFR) or mouse anti-chloramphenicol (for TGF-a, a gift 
from P. J. S. van Kooten, Institute of Infectious Diseases 
and Immunology, University of Utrecht, Utrecht, The 
Netherlands). As positive controls, sections of skin from both 
mouse and human were incubated with the same antibodies. 
For additional control of the specificity of the antibodies, an 
ELISA was carried out. The protein concentration of 
homogenates was calculated by the Bradford method. 35 The 
different antigens were coated on 96 well multiplates over- 
night at 4"C. The plates were washed with TBS containing 
0.05% Tween 20 and blocked with 1% bovine serum albumin 
in TBS for 1 h at room temperature, and incubated withs the 
different antibodies for 3 h also at room temperature. After a 
further wash, the peroxidase-conjugated anti-rabbit (EGF, 
EGFR) or anti-mouse (TGF-a) immunoglobulins were 
added to each well (Chemicon, Temecula, CA, USA). The 
interactions were visualized with 0.5% 2,2-azino-di-3- 
etilbenziatioazolina sulphonic acid (ABTS) (Sigma) in 
100 mM citrate buffer, and was measured (optical density at 
405 nm) in a spectrophotometer (Multiskan Bichromatic, 
Labsystems, Finland). 

A histological comparative quantification of immuno- 
labelling density in normal, hyperplastic and neoplastic 
prostates was performed for each of the three antibodies. Of 
each normal prostate, six histological sections of each 
region (central, intermediate and peripheral) were selected at 
random and the staining intensity (optical density) per unit 
surface area of the epithelium was measured with an auto- 
matic image analyser (MIP4 version 4.4, Consulting Image 
Digital, Barcelona, Spain) in five light microscopic fields 
using the x 40 objective. For each positively immunostained 
section one control section (the following in a series of 
consecutive sections) was also used, and the optical density of 
this control section was subtracted from that of the stained 
section. The means ± SD for the normal prostate group 
were calculated from the average values obtained for each 
prostate. The same quantitative study was carried out 
in the hyperplastic and neoplastic prostates, although the 
number of sections used was higher (23 in BPH and 29 in 
prostatic carcinoma) and all these sections were taken 
from the impaired zone. In the study, the number of sec- 
tions and microscopic fields in each section necessary for 
calculation were determined by successive approaches to 
obtain the minimum number required to reach the lowest 
SD. The statistical significance between means was assessed 
by the Fisher and Behrens test. 
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Role of epidermal growth factor (EGF) and its receptor in the 
development of the human placenta. 

Maruo T, Matsuo H, Otani T, MochLzuki M. 

Department of Obstetrics and Gynaecology, Kobe University School of 
Medicine, Japan. 

To elucidate the role of EGF in human placental development, effects of 
EGF on the proliferation and differentiation of trophoblasts were 
investigated. Explants of trophoblastic tissues obtained from 4-5 week or 6- 
12 week placentas were, respectively, cultured with or without EGF, in the 
presence or absence of triiodo-L-thyronine (T3) in a serum- free condition. 
The proliferative activity was examined by immunocytochemical staining 
with an antibody Kir67, and the differentiated function was assessed by the 
ability to secrete human chorionic gonadotropin (hCG) and human 
placental lactogen (hPL). In 4-5 week placentas, EGF and EGF receptor 
were localized in cytotrophoblast (C-cell), and EGF augmented the 
proliferation of C-cell without affec ting the ability to secrete hCG and hPL. 
In contrast, in 6-12 week placentas, EGF and EGF receptor were localized 
in syncytiotrophoblast (S-cell), and EGF stimulated the secretion of hCG 
and hPL without affecting the proliferation of C-cell. In situ hybridization 
with c-erb B probe revealed that c-erb B mRNA is expressed in the S-celi 
after 6 weeks' gestation. Column chromatography of the serum-free media 
obtained by 5-day culture of early placental tissues resulted in the elution oj 
immunoreactive EGF. The addition of T3 (10(-8) mol L(-l)) resulted in 
increased secretion of imrpunoreactive EGF by placental explants. These 
findings suggest that EGF acts as an autocrine factor in regulating early 
placental growth and function in synergy with thyroid hormone. 
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ONTOGENY OF EGF RECEPTORS IN THE HUMAN GUT 
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1. ABSTRACT 

Epidermal growth factor and related substances mediate their effects on epithelial 
cells through binding to high-affinity receptors (EGF-R) at their basolateral surface 
and it is hypothesized that this growth factor system play a major role in gut 
morphogenesis and maintenance. The current review emphasizes on analyzing the 
expression and the biochemical characteristics of EGF-R in human fetal gut 
segments and correlating the biological actions of EGF-R ligands. They appear to be 
primarily involved in the local regulation of epithelial cell proliferation in which 
EGF-R arc abundant. Alternatively, EGF-R ligands exert some precocious 
maturative effects by increasing intestinal lactase activity and decreasing brush 
border hydrolases in colon while they down modulate the expression of segment- 
specific markers of terminal differentiation such as sucrase, trehalase and 
glucoamylase in the intestine and chief cell lipase in the stomach. Such effects are 
consistent with the identification of receptors at the surface of all epithelial cell 
types, illustrating the modulatory role of EGF on differentiated gut epithelial cells. 
Comparison with animal models illustrates similar biochemical properties of 
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receptors and underlines physiological aspects specific to human gut development. 
The relevance for ligand heterogeneity is also discussed and tentatively associated 
with different delivery pathways or physiological responses. 

2. INTRODUCTION 



Epidermal growth factor or EGF is one of the best characterized growth factors that 
was initially isolated by Stanley Cohen as a contaminating material in nerve growth 
factor preparations promoting the growth of embryonic neurons (1,2). Early on, it 
was found to be abundant in some body fluids i.e. saliva, serum, milk and urine (3- 
6). Accordingly, radioimmunoassay analysis in conjunction with 
immunohistochemical studies demonstrated that the submaxillary salivary glands, 
duodenal Bnmner's glands, mammary glands and metancphric kidneys represented 
major sources of the EGF peptide (7-9). EGF-related materia] (transforming growth 
factor-alpha or TGFalpha) was also extracted from the amniotic fluid (0.25-4.3 
ng/ml; refs 9-1 1) and found to be produced by extraembryonic membranes 
(trophoectodemi, placenta) in animals and humans (12-15) although a fraction of this 
materia] is likely to derive from developing kidneys (9). Taken altogether, these 
findings lead to the hypothesis that EGF or related forms released from these sources 
could be involved in embryonic development and gut morphogenesis or the 
maintenance of gut tissues in the adult. A major breakthrough was then achieved 
when EGF mRNA transcripts and EGF-like substance/ activity were detected in 
lower amounts in various tissues (16-18). Thus, it was proposed that the growth 
factor could act in vivo as a local paracrine factor in addition to its role as a long- 
distance acting hormone. 

Concerning the characterization of the biological action of EGF in tissues, 
pioneering studies (19,20) using subcutaneous injection protocols in neonatal mice 
helped to recognize the maturing epidermis and its appendages as important targets 
of EGF action. It was initially observed that the factor accelerated eyelid opening and 
incisor eruption (thus accounting for the 'tooth lid factor* denomination used in the 
early 1960's). Ulterior experiments showed that EGF was also able to stimulate hair 
growth and epidermal cell proliferation and keratinization (21). The mitogenic effect 
of EGF was then rigourously studied in vitro on fibroblasts (22-25) where the 
predicted presence of EGF surface receptors was verified for the first time using 
iodinated ( 125 I)EGF binding techniques (24,26). As will be discussed further, the 
presence of surface binding sites was also demonstrated in mesodermal and 
endodcrmal derivatives, especially in gut epithelial compartments, and the gene 
encoding the EGF-R protein in rodents and man was successfully cloned and 
sequenced (see reviews 27-29). 

In 1 983, an oncogenic protein, termed v-er6Bl, was identified as a product of avian 
erythroblastosis virus (30) which causes the abnormal presence of immature blood 
cells (erythroblasts) into systemic circulation in chicken. Viral erbBl in fact 
represents a truncated and cbnstitutively-active form of the EGF-R (30); a cellular 
homolog oncogene named c-er6B 1 was identified in embryonic and tumor cells in 
rodents (31), and then found to be identical to the mouse EGF-R. Such discoveries 
and biochemical/immunological data from pathological studies permitted to 
establish a functional relationship between the expression of EGF-R and the 
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initiation of cancer, as proposed for the gut in particular, where the relative 
abundance of EGF-R serves as a prognostic factor in esophageal, gastric and colon 
tumorigenesis (32-34). Enhanced expression of EGF-R may also be a marker for the 
increased risk of colon cancer in inflammatory bowel disease (35). 

In the following years, the expression pattern, the mechanism of activation, the 
recycling through the endocytic pathway as well as the involvement of EGF-R in the 
biological action of EGF were extensively studied in normal tissues and cultured 
cells originating from animals and man. As examplified in basic reviews (2,36-40) 
integrating all aspects of EGF/EGF-R biochemistry and physiology, the expression 
and function of this growth factor system seem to be primarily associated with the 
involvement of EGF as a competence growth factor stimulating the survival, the 
migration and the mitosis of stem cells and pre-differentiated cells, including those 
of the gastrointestinal tract giving rise to mature epithelial cells. The more recent 
development of gene knock-out and promoter engineering strategies which enable 
the generation of mouse lineages carrying either EGF/TGFalpha/EGF-R genes 
inactivated by defective mutations or genes which expression is forced by an active 
promoter (mutations integrated in the whole organism or targeted to specific organs) 
indeed supports the latter concept. Overexpression of the TGFalpha transgene (4 1 - 
46) primarily alters epithelial proliferative compartments and ultimately leads to a 
desequilibrium between pre-differentiated and differentiated cell populations: 
hyperplasia and rarefication of differentiated phenotypes. Alternatively, null 
mutations of TGFalpha/EGF-R genes (47-50) reveal that they exert a complex 
function since their deficiencies not only modify cell proliferation but perturb a wide 
range of developmental activities (branching morphogenesis, epithelial cell 
differentiation or maturation, skin architecture). In accordance with the latter 
observations, other pioneering studies suggest that EGF itself or EGF acting in 
synergism with other growth factors plays a role in the differentiation of specific cell 
species such as keratinocytes (as mentioned above; ref. 19-21), palatal cells (51), 
surfactant-secreting pneumocytes (52,53), cervical cells (54), nasal epithelial cells 
(55), ameloblasts/odontoblasts (56), trophoblasts (57) as well as enterocytes (58-60). 
These observations jointly reinforces the physiological importance of EGF and EGF- 
related molecules as cell inducers and stresses the complexity of regulatory processes 
involved in organogenesis and tissue maintenance. In this context, a growth factor 
system may play an epigenetic role by stimulating distinct functions in different cell 
types at specific developmental stages when the ordered sequence of survival, 
proliferation and differentiation is normally progressing. The following sections 
describe the general properties of die EGF-R as well as its expression pattern and 
biological significance in specific segments of the human fetal gastrointestinal tract. 

3. IDENTIFICATION AND BIOCHEMISTRY OF EGF RECEPTOR 
3.1. Gene and protein structure 

The nucleotide sequence of the EGF-R, which is termed HER-1 in human (61), 
predicts a 1 186-1210 aa backbone with a molecular weight of 134-135 kilodaltons 
(kD)(see reviews 36,38). The* mature polypeptide is glycosylated at 1 1-12 asparagine 
residues, its molecular mass is estimated to ~ 170 kilodaltons in various tissues and it 
is characterized by intrinsic tyrosine kinase activity (62-65). In addition, the 
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extracellular region contains 5 3 cysteine residues which are concentrated in two 
domains that cooperate to form a high affinity EGF binding site (66,67; see figure I). 
Drosophila and Caenorhabdiiis EGF-R homologs contain the same functional 
domains (68,69) thus revealing a high degree of evolutionary conservation. Although 
a single human EGF-R gene exists, two spliced variants were revealed in A431 cells 
(64,70,71) which served in many laboratories as a model for studying EGF-R 
expression and subcellular trafficking. The physiological significance of this process 
remains uncertain however since this epidermoid carcinoma cell line produces 
aberrant forms of the receptor which are absent in nonmalignant tissues (64,72,73). 
Only a few data concerning the possible existence of alternative splicing mechanism 
in human carcinomas (71) and developing kidney (74) were obtained in the past. 
Presumably, this subject has not retained much attention because the respective 
contributions of 10- and 5. 6-kb transcripts for protein expression have not been 
examined. Nonetheless the recent discovery of a new spliced mRNA species in 
human placenta with a lower number of base pairs (75) may lead the way to a new 
comprehension of post-transcriptional regulatory processes controlling the tertiary 
conformation and function of the EGF-R. 



Figure 1. Tertiary structure and consensus motifs of the EGF-R and its common 
ligands, EGF, TGFalpha and HB-EGF. The extracellular portion of the receptor 
contains two domains enriched in cysteine residues (black bars). The intracellular 
portion contains 1) a catalytic domain with tyrosine kinase activity and 2) several 
phosphorylation sites at threonine (T) and tyrosine (Y) residues. 

3.2. Mechanism of activation 
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Early studies have demonstrated' that EGF binding to the extracellular domain of 
EGF-R stimulates its tyrosine kinase activity causing increased phosphorylation of 
protein substrates as well as autophosphorylation of tyrosine residues near the C- 
terminus region (76). Moreover, threonine phosphorylation of the EGF-R by protein 
kinase C reduces its binding affinity and negatively regulates tyrosine kinase activity 
(77), Indeed the functionality of EGF-R varies according to the cell status; high- and 
low-affinity binding sites were identified in many.cell types (78,79) that could be the 
result of post-translational modifications (phosphorylation, interaction with other 
proteins)(80,81). 

Biochemical data showed in the past that an orderly sequence of receptor 
dimerization, clustering and internalization is normally activated following EGF 
binding (82) allowing the. cellular response and the endocytic recycling of EGF/EGF- 
R complexes, as for many receptor systems. In fact, the physical aggregation of 
multiple EGF/EGF-R complexes at the level of the plasma membrane appears to be 
required for subsequent activation of tyrosine kinase activity (83,84). Numerous 
studies have demonstrated over the years that the latter process leads 1) to activation 
of intracellular effectors associated to EGF-R and which are organized into 
multimeric complexes (sre, ras, phospholipase C-y , phosphatidylinositol 3-kinase, 
etc.) and 2) to various nuclear events required for mitogenesis, transformation and' 
cell differentiation (reviewed in 85,86). Recent data even suggest that the receptor 
aggregation process as well as the optimal phosphorylation of associated effectors 
are operated through a cooperation with the integrin/matrix apparatus (87). This 
assumption remains to be verified specifically for the EGF/EGF-R system in the gut. 

3.3. General distribution 

Putative EGF-R were initially identified and characterized using 125 I-EGF binding 
techniques in a wide range of cell types. Radioautographic data soon established that 
they are preferentially localized on the plasma membrane of epithelial cells, and at 
their basolateral pole (reviews 36-40). Moreover their number is high in proliferative 
cells, neoplastic cells and carcinoma cell lines (27,88). In A431 cells for example, 
EGF-R are overexpressed by 20 to 50-fold compared to normal tissues (27,64,72). 
Using the same strategy, receptors were successfully detected in embryonic/fetal" and 
extraembryonic tissues of rodents (36,38,40) where they generally increase in 
number during gestation while their affinity for the ligand EGF somewhat decreases 
(89). Also, when fetal organs are explanted and cultured with EGF, the incorporation 
of ( 3 H)thymidine into DNA is usually stimulated (90). 

Then with the advance of immunological techniques, anti-EGF-R antibodies were 
produced that helped to confirm the precise localization of the protein at the tissular 
and subcellular levels. The general distribution of EGF-R in human fetal tissues (91- 
93) was found to be quite similar, as expected. In comparison with rodents however, 
the number of receptors tend to ; decrease before birth probably reflecting the more 
advanced degree of organ maturation that is achieved in- uiero. One interesting new 
discovery made on cultured isolated cells pertains to the concentration of EGF-R and 
associated effectors of signal transduction into adhesion plaques or cytoskeleton- 
membrane focal adhesions (94,95). 
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3.4, Ligands 

EGF is a 53 amino acid polypeptide, with a molecular weight of 6045 daltons, which 
possesses three intrachain disulfide bonds. It is the prototypical member of a family 
of growth factors that also includes human pancreatic secretory trypsin inhibitor 
(96), transforming growth factor-alpha (TGFalpha)(97,98), vaccinia growth factor 
(99,100), schwannoma-derived growth factor (SDGF) or amphiregulin (AR) 
(101,102), bctacellulin (103), criplo-1 (CR-1)(104), heparin-binding EGF-like factor 
(HB-EGF)(105), the neu differentiation factor (NDF)(106), the hercgulins (107), and 
two homeotic gene products, the drosophila Notch protein (108) and the lin-12 
protein of the nematode Caenorhabdiiis elegans (109). EGF-related molecules 
derive from large membrane-bound precursors which are released by proteolytic 
cleavage (110). PreproEGF, for example, comprises 1217 aa, seven EGF-like repeats 
in addition to the mature EGF coding region (111,112), and a portion of the 
molecule exhibits limited homology with the low density lipoprotein (LDL) receptor, 
suggesting that the EGF precursor and the LDL receptor descended from a common 
ancestral transmembrane protein (1 13,1 14). TGFalpha derives from a shorter 160 aa 
precursor (1 15) and it exhibits 33-44% sequence homology with mouse or human 
EGF (12 residues are strictly conserved). Of interest, its discovery in the culture 
medium of established cell lines contributed to elaborate the autocrine hypothesis of 
cell growth control (1 16,1 17). In comparison, HB-EGF is characterized by a longer 
N-terminal arm with a specific structural motif that confers sensitivity to sulfated 
glycosaminoglycans and proteoglycans (118). All three peptides represent potent 
agonists of the EGF-R in several normal (non transformed) tissues and cell lines. 

4. EXPRESSION IN HUMAN FETAL GUT SEGMENTS 

4.1. Small intestine 

The presence of EGF-R in human fetal small intestine was demonstrated for the first 
time in 1988 by binding measurements (119). In this study, classical 125 I-EGF 
binding procedures were performed at 22° C for 45 minutes on epithelial cell 
preparations that were obtained by manual shaking (in EDTA/NaCl solution) of 
everted segments of small intestine. For Scatchard analysis, cells were incubated 
with the iodinated ligand phis increasing concentrations of unlabelled EGF(10~ n to 
10" 7 M) and non-linear plots were analyzed according to the two-site model. The 
pattern of 125 I- EGF binding between 12 and 17 weeks (postfertilization) shows that 
binding was significantly higher (2.5-fold) in 12 to 14-week fetuses than in older 
fetuses, as illustrated in figure 2. In percentage terms, specific binding in youger 
fetuses represented more than 16.5% of labeled EGF/mg cell protein whereas 17- 
week-old specimens bound less than 6%. Low- and high-affmity binding sites were 
identified with association constants of Kj = 1.90 ± 0.45 x 10" 9 M -1 and = 0.033 ± 

0.016 x 10~ 9 M -1 respectively. This binding was also specific; no cross-competition 
for EGF binding sites was observed with insulin, ACTH, thyroxine, hydrocortisone, 
IGF-1 , 1GF-2 or dexamethasone when they were added in excess concentration 
together with EGF. Quantitative autoradiography of I25 I-EGF binding (120) reveals 
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extensive accumulation in undifferentiated cells of the crypt and at the base of the 
villus, as well as in the inner circular layer of the muscularis externa bordering the 
submucosa (some labeling was detected in mesenchymal and vascular elements of 
the lamina propria). A gradient of silver grain density was clearly established along 
the crypt-villus axis towards the regions of high proliferative activity. Epithelial cells 
in the deep portion of the crypt showed the highest density (9.2 grains/^ ni 2 ), which 
gradually decreased in the upper crypt (6.5) and the lower villus (3.9), with very little 
labeling in the upper third of the villus (0.4). The cellular distribution of silver grains 
in epithelial cells of the lower villus revealed a polarization of labeling in the 
basolateral infranuclear region (6.0 grains/^ m 2 versus 0.7 in the supranuclear/bmsh 
border compartment). The last observations support the hypothesis that EGF would 
access to its receptors on epithelial cells from the serosal side, not from the gut 
lumen, under normal non-pathological conditions. Confirming this assumption, the 
same study (120) demonstrated that labeled EGF could not access to its receptors 
when infused into the lurnen of jejunal segments, either at 22° C or 4° C. 
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Figure 2. Developmental pattern (A) and Scatchard analyses (B,C) of iodinated EGF 
binding to epithelial cells isolated from human fetal small intestine and colon. 
Indices in graph A represent the number of specimens for each age (adapted from ref 
119). 

Of particular interest, the small intestine undergoes extensive morphogenesis 
between 8 and 12 weeks of gestation with the onset of villus and crypt formation and 
subsequent transformation from pseudostratified columnar to simple columnar 
epithelium (121). Labeling indices within this epithelium are also at their highest 
value between 8 and 10 weeks (approximately 26-30%) and decrease markedly 
during the next 4-6 weeks (122). It is thus during this critical period of 
morphogenesis and remodeling that the intestinal epithelium exhibits its highest 
EGF binding capabilities. Moreover, Poulsen and co-workers (9) have demonstrated 
the presence of immunoreactive EGF in intestinal Paneth cells of the 20-week-o]d 
fetus suggesting that this cell type represents an endogenous source of the peptide. 
Paneth cells normally appears at 1 1-12 weeks (122) which again correlates with the 
high number of EGF-R at this early age. The possibility that EGF from Paneth cells 
may influence the neibourghing undifferentiated cells has yet to be explored. In 
subsequent studies using the iirununohistochemistry approach (123,124), the 
presence of EGF-R at the basolateral cellular pole, their consistent absence in brush 
border preparations and their rarefication with increasing age were verified in 
intestinal epithelium of fetuses, children and adults. 

Two colon carcinoma cell lines, namely Caco-2 and HT-29, exhibit human 
enterocyte-like features in culture and are commonly used as in vitro models to study 
the role of putative regulators. The capacity of these cells to bind EGF has been 
demonstrated (125) as well as the involvement of an EGF-like factor in their 
autonomous growth (126,127) and migration behavior over laminin substrate (128). 
Recent data indeed show that antisens EGF-R expression has an antiproliferative 
effect on HT-29 cells (129). While both Caco-2 and HT-29 cells express a minor 
pool of EGF-R at their apical surface, only basolateral membrane stimulation with 
EGF increased tyrosine kinase, activity and enhanced proliferation (130,131), in 
accordance with the proposed model of EGF action on epithelial cells. EGF not only 
stimulates DNA synthesis and proliferation of Caco-2 cells but reduces sucrase 
activity markedly, by affecting its processing in the endoplasmic reticulum and 
mRNA synthesis (132). The same study reveals that EGF maintains Caco-2 cells in a 
poorly-differentiated phenotype thus suggesting that the growth factor would act as a 
mitogen and a repressor of terminal differentiation. Interestingly, ulterior 
experiments showed that parental HT-29 and sublines lose their proliferative 
response to EGF ligands as they spontaneously differentiate in culture (133): they are 
mitogenic for undifferentiated cells but inhibit the growth of more differentiated 
cells. Changes in the signaling machinery rather than the modulation of EGF-R 
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expression appear to be involved in this process. 

The study of EGF-R expression and ligand activity in primary cultures of human 
small intestinal cells still awaits the development of a suitable experimental system. 
Nonetheless, the biological effects , of EGF have been carefully examined in organ 
cultures of fetal jejunum (11 to,14 week of gestation) (134). While the addition of 
exogenous EGF did not modify the morphology of intestinal explants, lactase 
activity was significantly increased and the rise in sucrase, trehalase and 
glucoamylase activities that normally occurs during culture was repressed in the 
presence of increasing concentrations of EGF. DNA synthesis and labeling index 
dropped drastically (within 24 hours of culture) in this model, thus recalling the 
response of differentiated cultured cell lines. These results clearly suggest that the 
influence of EGF on the regulation of small intestinal epithelium development 
depends upon the differentiation status of target cells. 

4.2. Colon 

Binding of 125 I-EGF to colonic epithelial cells isolated from 12 to 17-week fetuses 
was assessed using the same methodology and optimal conditions as for intestinal 
epithelial cells (119; figure 2). Compared to the small intestine, specific binding in 
the colon was substantially higher (1 .4 to 2.4-times) at all ages and also decreased 
with advancing age (figure 2). High-affinity (K, = 1.78 i 0.83 x lO^NT 1 ) and low- 
affinity (K 2 = 0.014 ± 0.005 x 10" 9 M" 5 ) binding sites were similarly demonstrated 
by Scatchard plot. Their cellular distribution in smooth muscle fibers as well as in 
developing villi and crypts of the fetal colon was identical to that found in small 
intestine, being concentrated in regions of high proliferative activity and tritiated 
thymidine uptake while being absent from the brush border of villus cells (1 20). 

The overall pattern of EGF binding in the human fetal colon is notheworthy since 
colonic epithelial cells exhibited even higher binding than their intestinal 
counterpart. This difference can be attributed partly to a greater concentration of 
EGF-R at the cell surface. Moreover, since the onset of villus formation and 
epithelial differentiation in the developing colon occurs 3-4 weeks after initiation of 
morphogenesis in the small intestine, there may exist a relation between the fact that 
levels of EGF binding in the colon at 17 weeks are equivalent to peak levels 
observed in the 12-14 week-old intestine (figure 2). Il is also known that the 
expression of intestinal-type markers are down-regulated and that fetal colonic villi 
are transformed into adult-type colonic crypts before birth. Whether the expression 
and binding kinetics of EGF -R are modified during this ontogenic process, when 
epithelial cell proliferation contributes to tissue remodeling, remains to be 
determined. 



As mentioned previously for the small intestine, the influence of EGF was studied in 
organ cultures of human fetal colon (135) where it did not alter the overall 
morphology of explants. Biochemical data, however, suggest that EGF may 
participate in the maturation process (loss of villus markers) since it caused a 
decrease of DNA synthesis rates and brush border sucrase, maltase and alkaline 
phosphatase activity levels. Illustrating the significance and the specificity of EGF 
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action, hydrocortisone generated no effect in this model (135). 
4.3. Stomach 

The biological relevance of EGF action at the level of the stomach has been 
demonstrated early on. The molecule called urogastrone, an inhibitor of gastric acid 
secretion produced by the human kidney and present in urine, was proven to be 
identical to the mature EGF peptide (136). The presence of EGF-R in the adult 
gastric mucosa was also verified and their increased expression in foveolar and 
surface epithelial compartments (compared to the base of glands) supports a pivotal 
role for this growth factor system in the maintenance of gastric mucosal integrity 
(protection, healing)(137-139). However the developmental aspects of EGF-R 
physiology in the human fetal stomach were only studied recently. 

The presence of the EGF-R immunoreactive protein was first suggested in a study 
analyzing its widespread expression in digestive tract epithelia and pancreatic tissues 
(123). Using indirect immunofluorescence and autoradiographic localization of l25 I- 
EGF binding sites, it was then demonstrated that the pattern of EGF-R expression in 
developing stomach significantly differed from the adult situation (140). In fact, 
EGF-R were detected as soon as 10-1 1 weeks of gestation when the gastric mucosa 
is lined by a stratified undifferentiated epithelium. At subsequent stages (12 to 20 
weeks; figure 3), all epithelial cell types of the developing pit/gland structure 
(undifferentiated, mucous, endocrine, parietal and chief cells) were immunoreactive 
and the three major functional compartments e.g. the surface epithelium, the pit/neck 
region and the gland contained comparable numbers of binding sites. Thus, when 
compared to the adult stomach, it seems plausible that EGF-R and its ligands exert a 
broad range of developmental activities in the fetal organ due to their ubiquitous 
expression in all gastric epithelial cell species. As expected also, the cellular 
distribution of EGF binding was concentrated in the intranuclear region of epithelial 
cells (140). Reflecting the highly polarized localization of EGF-R and, possibly, the 
early compartmentalization of EGF-R expression in the pit/gland unit, an intensive 
immunostaioing was seen at die basolateral pole of surface mucous cells in 20-week 
specimens (figure 3). 
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Figure 3. Localization of immunoreactive EGF-R protein in human fetal stomach 
mucosa at 12 (A) and 20 (B) weeks of gestation. Apical staining on surface cells 
represents non specific binding of antibody to mucus (from rcf 140). 

In the past, only a few studies were aimed at studying the role of the 
EGF/TGFalpha/EGF-R system in cultured human gastric tissues. One report (141) 
helped to confirm that EGF-R are present on epithelial cells isolated from adult 
stomach and showed that exogenous EGF stimulates the release of an angiogenic 
growth factor. Results obtained with human fetal gastric tissue maintained in organ 
culture (140) demonstrated that EGF regulates the proliferative and differentiate 
functions of the developing epithelium. The factor was able to stimulate DNA 
synthesis in mitogenically-compctent cells and the incorporation of tritiated 
glucosamine into newly-synthesized glycoproteins (in mucous cells). Moreover, 
EGF down-regulated lipase activity in this model without affecting pepsin, two 
digestive enzymes co-localized in human glandular chief cells. The latter 
observations are consistent with the ubiquitous expression of EGF-R in all epithelial 
cells of the fetal gastric mucosa and further reinforce the assumption that associated 
ligands might control a variety of developmental activities contributing to the 
differentiation and/or the maintenance of gastric epithelial lineages. These results 
also emphasize the uncoupled regulatory process for lipase and pepsin, and enlighten 
the role of EGF in the modulation of lipolytic activity of the human gastric mucosa. 
Recently, it has been shown that EGF exerts its down-regulatory action on gastric 
lipase at the mRNA level (1 42). 

5. COMPARISON WITH ANIMAL MODELS 

On a general basis, the characteristics of EGF receptors in both human fetal 
intestinal and colonic epithelial cells in terms of binding kinetics, ligand specificity 
and binding affinities (K d = 10' 10 to 10~ 9 M) are typical of those found in rodent 
intestinal epithelial cells using the same protocols (143-1 45). As seen for the human, 
the concentration of EGF-R was higher in mouse developing colon than in small 
intestine at the same postnatal age (146). 
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While there is a general agreement about the tissulax localization of EGF-R and the 
growth-promoting effect of EGF-related factors on the adult gastrointestinal tract of 
several species, discrepancies between humans and rodents have been reported 
regarding its implication in the functional di fferentiation of intestinal epithelia 
during ontogeny (refer to comprehensive reviews 147-149). For example, EGF 
promotes in organ culture the maturation of the rough endoplasmic reticulum and 
some brush border enzymes of mouse small intestine at the fetal stage (15-17 days) 
(150-152) in accordance with its suggested role as an inducer of enterocyte 
differentiation with a specific and restricted action. In suckling (8 days) animals 
however, injections of EGF stimulate proliferation in all gut segments, including 
small intestine, and simultaneously increase all brush border hydrolase activities in a 
dose-dependent manner (153). Therefore, EGF does not only act as a fetal promoting 
agent but seems to be one of the few factors involved in re-differentiation of 
epithelial cells during postnatal adaptation of intestinal function at weaning, a 
process which is highly coordinated along the entire digestive tract in rodents (147). 
Discrepancies were even observed between mouse and rat as exogenous EGF 
triggered limited effects on some brush border enzymic activities (154) or had no 
influence (155,156) in the latter species. In addition, EGF administered 
orogastrically but not intraperitoneally induced precocious maturation of intestinal 
disaccharidase activities in suckling rabbits (157). Many explanations can be put 
forward to explain these variations such as the amount of EGF used, route of 
administration, rapid uptake of exogenous EGF by the liver, phase of circadian 
rhythm, nutritional state, length of the experimental period, injection schedule and 
developmental stages as well as the possible masking effect of endogenous EGF 
hgands. Eventhough animal models are necessary for the identification of involved 
growth factors and characterization of their biological roles, it is clear that effects 
induced by EGF in rodent small intestine cannot be directly extrapolated to the 
human gut. 

There are several evidences that EGF, TGFalpha and related substances may exert a 
similar influence on developing stomach of rodents (rat, rabbit, guinea pig) and 
humans (reviewed in 158). They stimulate epithelial proliferation and mucus 
synthesis while they act negatively on parietal cell differentiation. Moreover targeted 
overexpression of TGF-alpha gene in mice causes alterations of the gastric mucosa 
that ressemble Menetrier's disease (46,159,160), a premalignant disorder 
characterized by foveolar hyperplasia, hypochlorhydia and increased mucus. Thus it 
appears that this hormonal system would assume a general and important role in 
development of the mucigenic gastric lineage The earlier finding by Dembinski and 
Johnson (161) that EGF significantly increased weight of the whole stomach and 
DNA content of the oxyntic glands in unweaned rats but had no effect on pepsinogen 
synthesis/secretion led to the; conclusion that EGF is a candidate inducer of oxyntic 
mucosal growth which does, not participate in the developmental regulation of gastric 
zymogen expression. Our recent observation that this growth factor specifically 
influences gastric lipase expression in human chief cells (an enzyme absent in 
rodents) without affecting pepsinogen (140) stresses again the caution to be taken in 
directly extrapolating concepts established in animal models to humans. 

6. INTEGRATION 
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In 1976, David Wingate formulated a new global theory of gastrointestinal hormone 
action, called the eupeptide system (162), which stated that the established model of 
endocrine function - the concept of endocrine glands secreting at a distance from 
target tissues - was inappropriate for the context of gut physiology. This theory 
proposed that local 'paracrine' polypeptides may be no less important and may 
cooperate with 'endocrine 1 true hormones or mediate some of their effects in the 
control of nutrient absorption, smooth muscle contraction and tissue maintenance. 
One must realized today that the discovery and the study of the EGF/EGF-R system 
has greatly contributed to the conceptual enlightenment of the former theory. As 
suggested by the variety of it's biological actions and its widespread expression in 
developing and adult gut segments, this growth factor system seems to be involved 
in the global and intrinsic control of gut morphogenesis and homeostasis. 

The current review emphasized on analyzing the expression of EGF-R in human 
fetal gut and correlating the biological actions of EGF-R ligands. The data presented 
reveal the ubiquitous distribution of the receptor in the developing mucosa of gut 
segments as well as in the various epithelial cell types. In comparison, its expression 
is known to become more restricted in the corresponding adult tissues. We may 
therefore propose an important and pleiotropic role for the EGF-R and its ligands in 
the context of gut epithelium development. Firstly, the growth factor system appears 
to be involved in the local regulation of epithelial cell proliferation in which EGF-R 
are abundant. Depending upon the specific segment and its differentiation status, cell 
proliferation would be stimulated or decreased by agonists of EGF-R; the growth 
factor acts as a mitogen for gastric explants and as an inducer of precocious 
maturation in small intestine (lactase activity increased) and colon (intestinal 
enzymes down-regulated). A second function of this system in utero maybe to 
counter-regulate the terminal differentiation of human digestive cpithelia; it 
negatively modulates the expression of segment-specific functional markers such as 
brush border sucrase, trehalase and glucoamylase in the intestine and chief cell lipase 
in the stomach. In the latter organ, the relative abundance of EGF-R in surface 
epithelium and the effect of EGF supplementation in culture also argues for a role in 
mucus synthesis. In addition, this hormonal system is involved in the normal 
maintenance of adult gut tissues (plus inhibition of gastric acid secretion) and it is 
deregulated in cancer (148,149). These facts illustrate that EGF-R and EGF-related 
factors still exert significant developmental activities in the more mature digestive 
tract. 

According to the literature, multiple ligands for the EGF-R are present in tissues, 
including fetal organs. What would be the relevance of such a heterogeneity in the 
context of gut epithelium development and maintenance? Probably to serve in 
different delivery pathways or in different physiological responses (see figure 4). 
TGFalpha, for example, likpty represents the fetal and paracrine ligand, which is 
synthesized in proliferative compartments of human fetal gut (123,163,164) and 
which locally regulates epithelial proliferation/differentiation. This factor activates 
EGF-R and mitogenesis as potently as EGF in vitro (165). It might be of some 
significance in this context that TGFalpha acts more strongly than EGF on cell 
proliferation, motility and branching morphogenesis in specific experimental 
systems (166 plus several studies cited in 143,149) due to differences in ligand 
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processing, receptor down-regulation and, possibly, binding efficiency. The global 
expression of both TGFaJpha and cognate EGF-R are simultaneously down- 
regulated in maturing organs while EGF expression increases at the end of gestation 
and experiments realized in mouse provided evidences that these developmental 
changes are under the control of thyroid hormones (167,168). However, expression 
of the TGFalpha protein persists in a number of mature tissues and recent data 
demonstrate that it represents the main form locally produced in proliferative 
compartments of the adult gastrointestinal tract e.g. intestinal crypts and gastric 
glands (123,169-171). There are new evidences that HB-EGF, another agonist of 
EGF-R, might be the autocrine form expressed by epithelial cells in response to 
environmental factors. It is expressed together with EGF or TGFalpha in many 
tissues (1 72) and it is rapidly up-regulated by EGF-related ligands themselves (173) 
and by Helicobacter pylori in gastric cells (174). Its expression greatly increases in 
gut-associated carcinomas (175,176). HB-EGF thus represents an immediate early 
gene candidate. Also at the specific level of the human stomach, HB-EGF appears to 
be the main form produced by fundic parietal cells and gastrin cells of pyloric glands 
(177). Concerning EGF, the prototypical growth factor, it likely represents the long- 
distance acting form released into the gut lumen (a lumone) and one current 
hypothesis is that it would assume a surveillance role by maintaining the integrity of 
gut tissues upon mucosal damage (stimulation of epithelial restitution and 
proliferation)(l 78,179). Itis interesting to remind, in this regard, earlier data from 
Wright and collaborators (180) showing that ulceration of the mucosal epithelium in 
the human gastrointestinal tract induced the development of a novel cell lineage that 
produced neutral mucin and abundant immunoreactive EGF. It is true that EGF 
secreted into the lumen is processed into smaller and less active forms (181,182) and 
that its stability is positively influenced by ingestion of food proteins (183,184). In 
the specific context of gut epithelial development in the human fetus and infant, it 
should be pointed out that EGF may remain bioactive for long periods in gastric and 
intestinal fluids due to the immaturity of pancreatic enzymic function (185) and the 
protective effect of milk proteins (186). However, the biological significance and 
efficiency of luminal binding on epithelial cells (especially in immature gut), the 
controversial identification of .low- or high-affinity binding sites on apical 
membranes as well as the involvement of a transcytosis mechanism (serosal towards 
luminal or luminal towards serosal) remain to be clarified (148,187). 




Figure 4. Theoretical model of EGF action on the EGF-R expressing gut epithelum. 
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EGF-related substances (EGR, TGFalpha, HB-EGF) derived from various sources 
would access to EGF-R at sites of epithelial damage or would be released in a 
paracrine/autocrine fashion at the cpitheiio-mesenchymal interface to participate in 
normal regeneration and differentiation. 

7. PERSPECTIVES 

The overall characteristics of EGF/EGF-R physiology in the developing human 
gastrointestinal tract do not entirely correlate with those found in animal models. The 
expression of the receptor or its ligands may also be altered or subjected to abnormal 
regulatory events in adenocarcinoma cell lines. For these reasons, it will be 
necessary to establish nornial human epithelial cell models in order to further our 
understanding of the specific developmental actions of this growth factor system and 
its modulation during successive stages of epithelial differentiation. 

Concerning the molecular properties of EGF-R activation and regulation, which are 
determined by the level of EGF-R expression and modulated by intracellular kinases, 
it now appears that they depend upon heterodimerization events with EGF-R-related 
receptors expressed in epithelial cells. HER-2, HER-3 and HER-4 (erbB2, erbB3 and 
erbB4 in mouse) are known to bind neuregulin-like substances and differential 
hetcrodimeruation of EGF-R with each partner receptor might account for distinct 
responses (stimulatory or inhibitory) observed in given cell types (188,189). 
Interestingly, these EGF-R-related proteins seem to be abundantly expressed in 
human fetal gut compared to the adult (190,191) and some evidence for their 
dynamic expression in relation with epithelial morphogenesis was recently reported 
(192). At the light of experiments exploring MAP kinase activation kinetics in the 
presence of growth factors alone or growth factors with integrin ligands (87), it is 
now obvious that EGF-R can also synergize with receptors to extracellular matrix 
proteins for inducing an optimal response. Confirming this theory, the growth of 
human colon carcinoma cells was differentially stimulated by TGFalpha on plastic 
and collagen substratum while the induced-formation of crypt-like structures in 3- 
dimensional culture increased the expression of specific integrins (193). Future 
studies must be oriented to enlighten the intracellular events leading to the biological 
effects and to characterize ihe molecular events underlying the synergism between 
EGF-R and integrin ligands specific to human gastrointestinal epithelial cells. 
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The EGF receptor - an essential regulator of multiple epidermal 
functions. 
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Department of Dermatology and Cutaneous Biology, Institute for Molecular 
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BLSB233 S. 10th St, Philadelphia, PA 19107, USA. 

Epidermal keratinocytes express both the epidermal growth factor receptor 
(EGFR) and several of its ligands, establishing the constitutive elements of ai 
autocrine loop in this cell type. Activation of the EGFR provides signals 
essential to several aspects of normal keratmocyte biology including cell eye 
progression, differentiation, cell movement and cellular survival. It may be 
argued that enhanced keratinocyte survival via EGFR activation is the most 
important function as it limits the manifestation of other phenotypes. The 
frequent deregulation of EGFR expression and activation in benign and 
malignant hyperproliferative skin diseases motivates the investigation of 
EGFR-dependent intracellular pathways which contribute to the varied EGFI 
dependent phenotypes.' 
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CASE REPORT 

Follicular and epidermal alterations in patients treated with 
ZD1839 (Iressa), an inhibitor of the epidermal growth factor 
receptor 

R. VAN DOORN, G.KIRTSCHIG. E.SCHEFFER,* T.J.STOOF AND G.GIACCONEf 
Departments of Dermatology. 'Pathology and -{Medical Oncology, Vrije Universiteit Medical Centre, PO Box 70S7. 1007 MB 
Amsterdam, the Netherlands 

Accepted for publication 18 February 2002 

Summary We report the cutaneous side-effects of ZD1839 (Iressa), a new anticancer agent that acts by 
inhibiting epidermal growth factor (EGF) receptor signal transduction. Three patients receiving 
ZD1839 developed an eruption consisting of follicular papules and pustules in an acneiform 
distribution as well as diffuse fine scaling of the skin. Additionally, hair growth abnormalities were 
noted in two patients. Histologically, a superficial purulent folliculitis and disordered differentiation 
with focal parakeratosis were seen. The follicular eruption appeared to respond favourably to 
treatment with tretinoin cream and minocycline. The cutaneous adverse effects of ZD1839 are 
similar to those of other EGF receptor-targeted agents and result from direct interference with the 
functions of EGF receptor signalling in the skin. 

Key words: acneiform eruption, cutaneous adverse effects, epidermal growth factor receptor. 
ZD1839 (Iressa) 



ZD1839 (Iressa) is an orally active, selective epidermal 
growth factor (EGF) receptor tyrosine kinase inhibitor 
that blocks signal transduction pathways implicated in 
the proliferation and survival pf cancer cells and other 
host-dependent processes promoting cancer growth. 1 " 4 
EGF receptors are expressed on various cancer cells, as 
well as on epidermal keratinocytes and other cells 
residing in the skin. EGF receptor signalling contributes 
to cancer growth primarily by inducing proliferation, 
but also by promoting cell migration and angiogene- 
sis. 5 ZD1839 selectively inhibits EGF receptor signal 
transduction by interfering with binding of adenosine 
triphosphate to the intracellular tyrosine kinase region 
of this receptor. It is currently being tested in phase 
II/III clinical trials in the treatment of a number of 
solid tumours, in particular non-small cell lung cancer. 
A number of patients included in these trials and 
treated with oral ZD1839 250 or 500 mg daily devel- 
oped a similar cutaneous reaction pattern. 

Correspondence: Dr R.van Doom. 
E-mail: remcovandoorn@hotmail.com 



Case reports 

We examined three patients who experienced cutane- 
ous adverse effects during treatment with ZD1839. In 
all three patients the cutaneous reaction started 
5-12 days after initiation of treatment. Patients 
developed numerous discrete small pustules and ery- 
thematous papules confined to the hair follicles 
distributed over the face, trunk and upper arms. This 
was followed by diffuse fine scaling of the interfolli- 
cular epidermis involving the whole integument, 
giving a xerosis-like appearance. No patient had 
nodular or cystic lesions, and notably there was no 
seborrhoea. The lesions healed without formation of 
scars. Patients complained of dry skin and mild to 
severe itching. None used other medications known to 
trigger or exacerbate acneiform eruptions. In the three 
patients described, the cutaneous adverse effects did 
not necessitate reduction of the dose or discontinua- 
tion of treatment with ZD1839. 

In patient 1, a 59-year-old man treated with 
either 250 or 500 mg daily (blinded) ZD1839 as 
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monotherapy, the acneiform eruption began on the 
face and spread peripherally within weeks to involve 
the abdomen, forearms and lower legs. Scaling was 
severe and asteatotic eczema was seen on the legs and 
flanks. His scalp hair had changed and was curled, fine 
and brittle. After temporary discontinuation of treat- 
ment for reasons other than cutaneous toxicity, the 
lesions healed without scarring, but reappeared soon 
after treatment was recommenced. The follicular 
lesions responded favourably to treatment with emol- 
lients and minocycline 100 mg daily. 

In patient 2, a 54-y ear-old woman treated with 
either 250 or 500 mg daily (blinded) ZD1839 as 
monotherapy, in addition to follicular papules and 
pustules, open comedones were present on the chest 
and back (Fig. 1). After progressive worsening of the 
eruption during the first 2 weeks of treatment, a 
spontaneous improvement was noted. As observed in 
the first patient, the hair was finer, more brittle and 
curlier, especially on the extremities. She also com- 
plained of fragility and easy bruising of the skin. We 
treated her with tretinoin 0025% cream, which 
reduced the development of pustules and comedones, 
and allowed continued administration of ZD1839. 

Patient 3, a 59-year-old man, received ZD1839 
500 mg daily in combination with a standard regimen 
of gemcitabine and cisplatin. The follicular lesions 
became confluent, forming erythematous macules and 
plaques studded with pustules on the forehead (Fig. 2). 
On the upper back both comedones and follicular 
papules were seen. This patient noticed that the growth 
of his beard had slowed down during the treatment. 
Twice daily application of tretinoin 0 025% cream led 




Figure I. Follicular eruption on the chest of a 54-year-old woman 
treated with ZD1839 (patient 2). 
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Figure 2. Pustules on an erythematous base as well as scaling of the 
interfollicular epidermis on the forehead of a 59-year-old man treated 
with ZD1839 500 mg daily in combination with a standard regimen 
of gemcitabine and cisplatin (patient 3). 



to improvement of the follicular lesions, but aggravated 
the scaling of the skin. 

Laboratory investigations 

Bacterial and fungal cultures of the pustular contents 
showed Propionibacterium acnes in patient 2 and 
absence of pathogenic micro-organisms in patients 1 
and 3. The total blood count did not show eosinophilia 
or other alterations in any patient. 

Histology 

Three skin biopsies taken from pustular lesions of 
patients 1 and 3 showed similar histological changes. 
Different stages of a purulent folliculitis were seen. Most 
follicles were surrounded by an infiltrate composed of 
lymphocytes and histiocytes. The superficial portion of 
some follicles was densely infiltrated by neutrophilic 
granulocytes with partly fragmented nuclei and histio- 
cytes (Fig. 3). The formation of follicular pustules was 
often accompanied by a remarkable absence of the 
follicular epithelial lining. In more advanced lesions 
there was destruction of the follicle with perifollicular 
granuloma formation, dermal oedema and vasodilata- 
tion. The sebaceous glands were relatively small and 
were not affected by the infiltrate. No micro-organisms 
were found. The epidermis showed more subtle chang- 
es: the stratum corneum had lost its basket-weave 
appearance, and was thin and compact with varying 
parakeratosis. There was somewhat irregular epider- 
mal differentiation with slight hypogranulosis, but no 
evident atrophy. 
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Figure 3. Photomicrograph from a pustule on the back, demon- 
strating a follicle fiDed with partly degenerated neutrophilic granu- 
locytes and histiocytes (patient 1; haematoxylin and eosin; original 
magnification x 10). 



Discussion 

The skin eruption observed in these patients treated 
with the EGF receptor inhibitor ZD1839 consisted of 
follicular papules and pustules in an acneiform distri- 
bution and diffuse fine scaling of the skin. Hair growth 
abnormalities were noted in two patients. Histology of 
the skin lesions revealed a purulent folliculitis as well as 
slightly irregular epidermal differentiation. Similar 
cutaneous adverse effects have been observed in other 
patients treated with EGF receptor-targeted therapies. 
In a phase II trial of the EGF receptor tyrosine kinase 
inhibitor OSI-774, a maculopapular acneiform rash 
was observed in 78% of patients. 6 In addition, cancer 
patients treated with C225 (cetuximab), an anti-EGF 
receptor monoclonal antibody, developed an acneiform 
follicular eruption very similar to that seen in patients 



treated with ZD1839. 78 In patients treated with 
ZD1839 it has been reported that the frequency of 
development of the pustular eruption is dose-depen- 
dent. 9 These observations support our conclusion that 
the cutaneous adverse effects seen in these patients are 
not primarily immunologically mediated but represent 
the results of inhibition of EGF receptor signal trans- 
duction in epidermal and follicular epithelium. This 
cutaneous reaction pattern therefore reflects the sig- 
nificance of the EGF signalling pathway in skin. 

In human skin the EGF receptor is expressed by basal 
epidermal keratinocytes, outer root sheath cells and 
sebocytes. 10 Its activation by several keratinocyte- 
derived ligands stimulates proliferation and reduces 
the susceptibility to apoptosis. 11 Furthermore, in the 
epidermis activation of the EGF receptor reduces the 
terminal differentiation capacity of basal keratinocytes, 
but promotes differentiation of suprabasal keratino- 
cytes. 12 Inhibition of the EGF receptor tyrosine kinase 
in vitro induces human keratinocyte growth arrest and 
terminal differentiation. 13 The epidermal alterations 
demonstrated in our patients, clinically apparent as 
diffuse fine scaling, are consistent with these in vitro 
findings in that they reflect a disturbance of the 
equilibrium between proliferation and differentiation. 

In the hair follicle the EGF receptor-ligand system has 
an essential role in regulation of the hair cycle, as 
activation of the EGF receptor stimulates transition 
from anagen to catagen. 14 Mice harbouring a targeted 
disruption of the EGF receptor allele display short and 
wavy hair that becomes progressively atrophic, even- 
tually resulting in alopecia. 15 * 16 The hair follicles in 
these mice do not progress from anagen to telogen and 
are specifically destroyed by an inflammatory infiltrate. 
The hair growth abnormalities and folliculitis observed 
in some patients treated with ZD1839 display an 
analogy to the findings in these transgenic mice and 
could thus result from inhibition of hair cycle progres- 
sion. However, the precise mechanism by which 
inhibition of EGF receptor signalling induces a purulent 
folliculitis has yet to be elucidated. 

The follicular eruption induced by ZD1839 has many 
similarities with acne vulgaris and we therefore decided 
to treat it empirically with tretinoin cream in two 
patients and minocyclin in one patient. The follicular 
eruption responded favourably to both of these treat- 
ments, although application of tretinoin cream wors- 
ened the scaling of the skin. 

Further studies are warranted to elucidate the 
mechanisms by which EGF receptor-targeted thera- 
pies, such as ZD1839, induce this cutaneous reaction. 
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firstly to permit a more natural approach to its 
treatment and secondly because it could provide 
information on the physiological role of EGF receptor 
signalling in human skin. In addition, the possible 
use of ZD1839 in the treatment of skin diseases in 
which activity of the EGF receptor-ligand system is 
increased, such as certain skin tumours and psoriasis, 
deserves further attention. 
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1 . I hold the position of Group Leader-Target Validation at Agensys, Inc. This 
position requires me to generate in vitro models for the study of cancer, and to investigate the 
effect of specific genes and gene products on tumor development, growth, and progression. This 
position also requires me to attend national and international conferences addressing issues in 
cancer research, conferences where established as well as cutting edge ideas are presented. I 
have a Ph.D. in Immunology and Microbiology from Ohio State University. In addition, I have 
held two postdoctoral fellowships, one at the University of Virginia and one at the University of 
California at Los Angeles, School of Medicine. I have worked in the field of molecular biology 



JUL 10 2003 11:30 AM 



310 820 8489 



PAGE. 02 



JUL- 10-2003 11=08 



UroGenesys 



310 820 8489 P. 03/08 



academically and professionally for over 15 years. A copy of my curriculum vitae is attached as 
Exhibit A. 

2. This submission is made in support of the proposition that targeted antitumor 
therapies are useful even when the targeted protein is expressed on normal tissues, what is more 
even if the normal tissue is from a vital organ. A vital organ is one that is necessary to sustain 
life, such as the heart or brain. A non-vital organ is one that can be removed whereupon the 
individual is able to survive without artificial life support. Examples of non-vital organs are 
ovary, breast, and prostate. The expression and targeting of two exemplary proteins will be 
discussed, HER2/neu and epidermal growth factor receptor (EGFR). 

3 . Herceptin® is an FDA approved pharmaceutical that has as its active ingredient 
an antibody which is immunoreactive with the protein known synonymously as HER2, 
HER2/neu, or erb-b-2. It is marketed by Genentech and has been a commercially successful 
antitumor agent. Herceptin sales reached almost $400 million in 2002 (see Exhibit B). The 
success of Herceptin is indicated by both ine volume and trend of its sales figures. During the 
period it has been marketed, its sales numbers have consistently increased. 

4. Herceptin is FDA approved as a treatment for HER2 positive metastatic breast 
cancer (see Exhibit C). However, the expression of HER2 is not limited to such tumors. The 
same protein is expressed in a number of normal tissues. 

5. The diverse expression of the HER2/neu protein is indicated in Exhibit D. 1 
Exhibit D provides data panels for three different GenBank deposits of HER2/neu sequence. 
The comparative data in Exhibit D show levels of HER2 above the median in numerous normal 
tissues. In particular, attention is called to the levels present in kidney and heart. The levels in 
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kidney are consistently shown as higher than those in heart. It is emphasized that these values 
are for normal tissue; thus these tissues are present in all human recipients of Herceptin. 

6. The expression of HER2/neu in a diverse array of normal and malignant tissues 
was corroborated by studies conducted at Agensys, assignee of the present case, by use of RT- 
PCR (Exhibit F). Again, significant expression of HER2/neu was noted in heart and kidney. 
Further corroboration of normal expression of HER2/neu by immunohistochemistry is set forth 
in Exhibit G. In Exhibit G, positive staining for the presence of HER2/neu was found in normal 
kidney and colon tissue. Additional confirmation of the presence of HER2/neu in normal kidney 
is provided by Latif, et al. 2 As shown in this article (which evaluated whether renal cell 
carcinoma should be a preferred indication for anti-HER2 antibodies such as Herceptin), both 
protein and mRNA are produced in benign renal tissues. Notably, HER2/neu protein was 
trongly overexpressed in benign renal tissue (see page 8, left hand column last paragraph of 
Latif, et al.). 

7 . Despite the fact that HERlAieu is expressed in vital organs such as heart and 
kidney, Herceptin is very useful, FDA-approved, and commercially successful. The effect of 
Herceptin on cardiac tissue, i.e., "cardiotoxicity," has been a limited side effect to treatment. 
When patients were treated with Herceptin alone, a very low percentage of patients had any 

significant cardiotoxicity. 

8. Of particular note, although the data shows that kidney tissue exhibits even higher 
expression than cardiac tissue, nephrotoxicity has not been an appreciable side effect of 
Herceptin treatment at all. In fact, of the diverse normal tissues in which HER2 is expressed, 



s 



1 The expression data in Exhibit D was established using gene chip technology; see Su, et al, PNAS Proc Natl. 
Acad. Sci. USA, Vol. 99, Issue 7, 4465-4470, April 2, 2002, Exhibit E. The results for HER2 are available on the 
GNF Gene Expression Atlas website http://expression.gnf.org/cgi-bin/index.cgi. 

2 Latif, Z., et al., B.J.U. International (2002) 89:5-9 (Exhibit H) 
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there is very little occurrence of any side effect. Only cardiac tissue has any appreciable side 
effect at all. A tissue such as kidney, where HER2/neu expression is appreciable, has not been, 
the locus for any side effect. 3 

9. Taken together, this documentation establishes that production of a target protein 
such as HER2/neu on normal tissue, even vital normal tissue, does not defeat the utility of the 
protein as a therapeutic for certain tumors in which the protein is also expressed. 4 Such 
physiologic outcomes, where there is normal tissue expression of a cancer-associated protein 
target, are not unique to HER2/neu as will be discussed below. 

10. Several anti-cancer therapeutic products that target the epidermal growth factor 
receptor (EGFR) are presently in clinical evaluation. 5 The small molecule product Iressa® 
received FDA approval 6 in May 2003. The rationale for EGFR-targeted anti-cancer treatments is 
both well known and well accepted. 7 

1 1 . One EGFR-targeted anti-cancer treatment composition is Erbitux™ (also known 
as cetuximab or C225). The active ingredient in Erbitux is an antibody which is immunoreactive 
with the EGFR. Erbitux antibody has been shown to block the proliferation of various cancer 
cells. 8 The successful use of Erbitux is shown, for example, by a March 2003 $60 million 
commercialization payment (Exhibit K), as well as very exciting European clinical trial data 
disclosed in early 2003. 9 This data indicated that Erbitux was able to affect shrinkage of tumor 



3 See Exhibit C, the product information for Herceptin® for an overview of side effect issues 

4 This is particularly true where the target protein, as with HHR2/neu is expressed at higher levels in tumor cells 
relative to normal tissue. In one embodiment, overexpression in tumor tissue can provide for altered, e.g., enhanced, 
protein availability for antibody binding. 

'Basetega, J., Oncologist 7 (supp. 4):2-8 (2002) (Exhibit I) 

6 Iressa attaches itself to the EGF receptor inside the cell, which blocks the activation of tyrosine kinase, and 
switches off the signals from the EGFR. 

7 Id. 

8 Busam, etal. Br. J. Derm. 144:1169-1176 at 1 169 (2001) (Exhibit J) 

9 C. Arnst "The War on Cancer: Good News, Glum Faces" BusinessWeek Online, June 3, 2003 
< http://www.businessweekxorn/technoloEv/content/jun2003/tc2Q03063 1032.htm > (Exhibit K) 
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size by 50%. Tumor size was decreased by 50% in 1 1% of patients who received Erbitux as a 
single agent and in 23% of patients who received Erbitux in combination with chemotherapy. 10 
In addition, tumor progression was delayed and life span appeared to be increased in the treated 
cancer patients. These are significant findings for a patient population with dire prognosis, few 
if any treatment options, and very short life expectancy. 

12. EGFR is therefore being used and evaluated as a target for treatment of patients 
with breast, head and neck, lung, kidney and prostate cancer. 11 However, the expression of 
EGFR is not limited to such tumors. This protein is expressed in a diverse array of normal 
tissues. 

13. EGFR protein is extensively expressed in adult humans. It is present on all 
epithelial and stromal cells, select glial and smooth muscle cells, 12 oral and laryngeal mucosa 13 ; 
brain; 14 liver, 15 prostate; 16 placenta; 17 stomach and colon; 18 and, skin. 19 It is to be noted that 
since it is expressed in these normal tissues, EGFR is present in all human recipients of any 

EGFR-targeted therapy. 

14. Despite the fact that EGFR is expressed in numerous normal tissues, including 
vital tissues such brain and colon, therapeutics that target EGFR are very useful and are in active 
development. The only significant side effect of such therapeutics has been on skin as an 



10 "Study backs ImClone drug's effectiveness" American Society of Clinical Oncology (ASCO) web page, June 2, 
2003 < htt p://www.asco.org/ac/L1003. 12-002122-00 18-0028202-00 19-0028 203-00 20-001. 0Q.asp> (Exhibit L) 

11 Busam, et al, supra 

12 Wells, A., Int. Biochem & Cell Biol. 3 1:637-643; at 640 ( j 999) (Exhibit M) 

13 Chiistensen, M., Dan Med Bull. 45(2): 121-134 (Apr. 1998) (Exhibit N) 

14 Ferrer, et al, Prog. Neurobiol. 49(2):99-123 (Jun 1996) (Exhibit O) 

15 Luwar, et al., Cancer Res. 61 :5355-5361 (July 15, 2001) (Exhibit P) 

16 De Miguel, et al, Cytokine 1 1(9):722-727 (Sep 1999) (Exhibit Q) 

17 Mauro, et al., Repro. Fertil. Devel. 7(6): 1465-1470 (1995) (Exhibit R) 

18 Challier and Menard, Frontiers in Biosci. 4:87-101 at sections 4.2 and 4.3 (January 15, 1999) (Exhibit S) 

19 Jost, et al. Eur. J. Dermatol. 10(7):505-510 (Oct-Nov 2000); Luwar, et al., Cancer Res. 61:5355-5361 (July 15, 
200 1 /(Exhibit T) 
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acneifonn rash 20 This has merely been a side effect to treatment. This side effect is so minor 
that it is used as an indication that therapeutically effective dosage levels have been achieved. 21 
Notably, the side effect is actually capitalized on as a relatively innocuous signal that an 
individual has achieved a therapeutically effective dose. 

15. The data on EGFR establishes that production of a target protein such as EGFR 
on normal tissue, even vital normal tissues, does not preclude the utility of the protein as a 
therapeutic for certain tumors in which the protein is also highly expressed. 22 

16. Thus, targeted antitumor therapies are useful even when the targeted protein is 
expressed on normal tissues, even normal vital organ tissues. The ability to use a cancer- 
associated protein in this manner is not unique to any particular protein. The existence of 
expression of a protein on a normal tissue, even a vital organ tissue, still allows for meaningful 
and successful use of that protein as a therapeutic target. 

1 7. I declare that all statements made herein of my own knowledge are true and that 
all statements made on information and belief are believed to be true; and further, that these 
statements are made with the knowledge that willful, false statements and the like so made are 



20 Busam, et al, supra; Van Doom, et al., Br. J. Derm. 147:598-601 (2002) (Exhibit U) 

21 Abgenix Press release 20 Aug 2002 <http://ir.abgenix.com/phoenix.zhtml?c=91622&p-IROL- 
NewsText&t=Regular&id=381536&> (Exhibit V) 

22 See footnote 4, supra 
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punishable by fine or impnsonment or both, under Section 1001 of Title 18 of the United States 
Code and that such willful false statements may jeopardize the validity of the application or any 
patent issued thereon. 

Executed at Santa Monica, California, this 9th day of July 2003. 




FartsfPh.D. 
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Abgenix Reaffirms Optimism Regarding ABX-EGF 

FREMONT, Calif.~(BUSINESS WIRE)-Aug. 20, 2002-Abgenix, Inc. ( NasdaqiABGX - News ) commented today on 
the unusually large volume of trading in its common stock yesterday, apparently triggered by Astra Zeneca's 
announcement that its small-molecule drug, Iressa, does not provide improvement in survival when added to 
standard chemotherapy versus chemotherapy alone in the first line treatment of advanced non-small cell lung cancer 
(NSCLC). Abgenix' fully human monoclonal antibody product candidate, ABX-EGF, is currently being tested in clinical 
trials both as monotherapy and in combination with standard chemotherapy in several types of cancer, including 
colorectal cancer and NSCLC. Due to the following differences between ABX-EGF and the small molecule drugs 
targeting the epidermal growth factor receptor (EGFr), the company believes that expectations about the results of 
the ongoing ABX-EGF trials should not be based on the Iressa results announced yesterday. ABX-EGF has not 
shown dose limiting toxicity, while the small molecule drugs targeting the EGFr are dose-limited by the occurrence of 
severe diarrhea. The current dose of ABX-EGF has been set at the level that results in 100% of patients achieving an 
acneiform skin rash that suggests full blockade of the EGFr. ABX-EGF has demonstrated low pharmacokinetic inter- 
paflent variability resulting in consistent exposure of each patient to the drug. Small molecule drugs targeting the 
EGFr pathway are eliminated from the body by enzymes, such as p450, that are also involved in the elimination of 
some small molecule chemotherapy drugs. Therefore other small molecule drugs may interfere with the rate at which 
a small molecule EGFr-targeting agent is eliminated, but are highly unlikely to interfere with the rate of elimination of 
an antibody, which leaves the body by a different mechanism (mediated by the EGF receptors). In early phase 
studies ABX-EGF has shown single agent biological activity in patients with advanced renal cell cancer. "We continue 
to believe in the importance of the EGF receptor as a target for drug development," said Raymond Withy, Ph.D., 
president and chief executive officer of Abgenix. 'We remain optimistic about the potential of ABX-EGF for patients 
with a variety of cancer types and look forward to the upcoming results of our ongoing clinical trials." ABX-EGF is a 
fully human monoclonal antibody generated using XenoMouse(TM) technology that targets the EGFr, which is over- 
expressed in a variety of cancers including lung, breast, bladder, prostate, colorectal, kidney and head and neck 
cancer. It has been demonstrated that cancer cells can become dependent on growth signals mediated through the 
EGFr for their survival. In preclinical research, ABX-EGF monotherapy has been shown to both eradicate established 
human tumors and block the growth of human tumors. ABX-EGF is being co-developed by Abgenix, Inc. and Amgen 
Inc. and is currently being evaluated in a comprehensive Phase 2 program in several indications including kidney, 
non-small cell lung, colorectal and prostate cancer. 



Abgenix is a biopharmaceutical company focused on the development and commercialization of human therapeutic antibodies. The 
company's technology platform, which includes XenoMouse® and XenoMax(TM) technologies, enables the rapid generation and selection 
of high affinity, fully human antibody product candidates to a variety of disease targets. Abgenix leverages its leadership position in human 
antibody technology by building a diversified product portfolio through the development of its own internal proprietary products and through 
the establishment of licensing arrangements with multiple pharmaceutical, biotechnology and genomics companies. For more information on 
Abgenix, visit the company's website at www.abgenix.com . Statements made in this press release about Abgenix's technologies, product 
development activities and collaborative arrangements other than statements of historical fact, are forward looking statements and are 
subject to a number of uncertainties that could cause actual results to differ materially from the statements made, including risks associated 
with the success of clinical trials, the progress of research and product development programs, the regulatory approval process, competitive 
products, future capital requirements and the extent and breadth of Abgenix's patent portfolio. Please see Abgenix's public filings with the 
Securities and Exchange Commission for information about risks that may affect Abgenix. Contact: Abgenix, Inc. Ami Knoefler, 510/284- 
6350 
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